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ABSTRACT 


Title  of  Thesis:  B-Type  Natriuretic  Peptide  Reactivity  to  Mental  Stress 

and  Exercise:  Role  of  Obesity  and  Hemodynamics 
Author:  Sari  D.  Holmes,  Doctor  of  Philosophy,  2009 

Thesis  directed  by:  David  S.  Krantz,  Ph.D. 

Professor  and  Chair 

Department  of  Medical  and  Clinical  Psychology 

The  prevalence  of  heart  failure  in  the  United  States  is  estimated  at  5.2 
million  individuals,  and  although  survival  has  increased,  the  incidence  of  heart 
failure  remains  steady.  Obesity  is  an  important  risk  factor  for  the  development  of 
heart  failure  and  other  cardiovascular  diseases  and  evidence  suggests  that 
obese  individuals  respond  to  stressors  differently  from  lean  individuals. 
Psychosocial  factors,  including  stress,  are  related  to  decompensation  in  heart 
failure  and  to  increased  incidence  of  cardiovascular  events.  However,  it  remains 
unclear  how  the  variables  of  obesity  and  stress  interact  to  affect  cardiovascular 
disease  risk  and  the  mechanisms  involved. 

Mental  stressors  (cognitive/emotional  and  psychomotor)  were  presented 
to  33  participants  to  assess  reactivity  (acute  changes)  in  heart  rate,  blood 
pressure,  cardiac  output,  total  peripheral  resistance,  and  B-type  natriuretic 
peptide  (BNP).  Reactivity  to  these  stressors  was  also  compared  across  body 
mass  index  (BMI)  derived  weight  groups:  obese  (BMI>30  kg/m^),  overweight 
(25<BMI<30  kg/m^),  and  normal  weight  (18.5<BMI<25  kg/m^). 
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The  cognitive/emotional  tasks  significantly  increased  cardiac  output, 
whereas  the  mirror  trace  task  showed  a  significant  total  peripheral  resistance 
increase.  BNP  increased  significantly  with  mental  stress,  but  BNP  reactivity  did 
not  differ  between  the  two  types  of  mental  stress.  The  increase  in  BNP  with 
exercise  was  significant  and  markedly  larger  than  with  the  mental  stress  tasks. 
There  were  no  significant  associations  between  stress  reactivity  and  the  three 
weight  groups.  However,  in  females,  waist-to-hip  ratio  (WHR)  was  correlated  with 
greater  TPR  reactivity,  BNP  at  baseline,  and  BNP  reactivity. 

In  summary,  mental  stress  tasks  significantly  increased  BNP,  although  to 
a  lesser  extent  than  exercise.  In  females,  WHR  was  found  to  be  a  better  indicator 
of  hemodynamic  and  BNP  reactivity  than  BMI  or  weight  groups.  Mental  stress 
reactivity  of  BNP  and  WHR  may  therefore  be  useful  in  the  prediction  of 
cardiovascular  disease. 
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Background 


The  prevalence  of  heart  failure  in  the  United  States  is  estimated  at  5.2 
million  individuals  (4).  There  are  approximately  570,000  new  cases  of  heart 
failure  each  year  (4),  and  although  survival  has  increased  (5),  the  incidence  of 
heart  failure  remains  steady.  In  addition  to  hypertension  and  diabetes,  obesity 
has  been  determined  as  an  important  risk  factor  for  the  development  of  heart 
failure  (6).  With  31%  of  Americans  classified  as  obese,  the  study  of  obesity  as  a 
cardiovascular  risk  factor  is  important,  particularly  because  cardiovascular 
responses  to  stressors  and  disease  indicators  function  differently  for  obese 
individuals  as  compared  to  non-obese  individuals  (7,  8). 

Evidence  suggests  that  psychosocial  factors,  including  stress  and 
depression,  are  related  to  decompensation  in  heart  failure  (9,  10)  and  to 
increased  incidence  of  cardiovascular  events  (1 1 ,  12).  However,  it  remains 
unclear  how  the  variables  of  obesity,  stress,  and  depression  interact  to  affect 
cardiovascular  disease  risk  and  the  mechanisms  involved.  The  present  study 
aims  to  combine  information  from  diverse  research  domains  in  order  to  evaluate 
traditional  cardiovascular  risk  markers  (i.e.,  blood  pressure  and  cardiac  output)  in 
a  broader  context  as  well  as  investigate  novel  pathways  and  markers  involving 
hemodynamic  responses  to  stress.  Therefore,  this  study  will  compare 
cardiovascular  responses  to  two  types  of  mental  stress  between  obese  and  non- 
obese  individuals  while  assessing  the  moderating  role  of  depressive  symptoms 
and  subtypes. 
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The  following  sections  will  provide  an  overview  of  heart  failure  as  well  as  a 
review  of  the  literature  in  the  areas  of  stress,  obesity,  and  depression  as  they 
relate  to  cardiovascular  disease  risk  and  hemodynamic  reactivity.  This  review  will 
present  a  rationale  for  the  research  model  and  hypotheses  around  which  the 
current  study  is  based. 

Heart  failure 

Definition,  Etiology,  and  Pathophysiology 

Heart  failure  is  the  final  manifestation  of  many  forms  of  cardiovascular 
disease.  Heart  failure  is  a  clinical  symptomatic  syndrome  resulting  from  “the 
inability  of  the  heart  to  pump  blood  forward  at  a  sufficient  rate  to  meet  the 
metabolic  demands  of  the  body  (‘forward  failure’),  or  the  ability  to  do  so  only  if  the 
cardiac  filling  pressures  are  abnormally  high  (‘backward  failure’),  or  both”  (13). 
Clinically,  heart  failure  is  manifested  by  symptoms  such  as  fatigue,  dyspnea 
(shortness  of  breath),  orthopnea  (dyspnea  when  lying  flat),  paroxysmal  nocturnal 
dyspnea  (breathing  difficulties  after  laying  flat  for  extended  time  period), 
peripheral  edema  (accumulation  of  fluid  in  lower  limbs),  and  right  upper  quadrant 
discomfort  (due  to  enlargement  of  the  liver)  (13).  For  classification  purposes,  the 
New  York  Heart  Association  (NYHA)  has  graded  the  symptoms  of  heart  failure 
into  a  system  shown  in  Table  1  (1).  When  left  ventricular  function  is  compromised 
as  in  heart  failure,  the  ejection  fraction  is  reduced.  Ejection  fraction  (EF)  is  the 
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percentage  of  blood  in  the  ventricle  at  the  end  of  diastole  that  is  ejected  from  the 
ventricle  during  each  systolic  contraction. 

Etiology.  The  etiology  of  heart  failure  can  follow  several  possible 
pathways,  resulting  in  either  systolic  or  diastolic  dysfunction.  Systolic  dysfunction 
describes  a  diminished  capacity  of  an  affected  ventricle  to  eject  blood  whereas 
diastolic  dysfunction  refers  to  an  abnormality  in  the  filling  or  relaxation  of  the 
heart  during  diastole  (13).  Mechanisms  involved  in  systolic  dysfunction  can  be 
impaired  contractility  and  pressure  overload  (increased  afterload).  Impaired 
contractility,  due  to  the  destruction  or  abnormal  function  of  heart  muscle  cells  or 
the  development  of  excess  fibrous  tissue,  can  occur  following  a  cardiac  event 
(i.e.,  myocardial  infarction  or  ischemia)  or  chronic  volume  overload.  Increased 
afterload,  the  ventricular  pressure  needed  to  eject  blood  in  systole,  can  result 
from  uncontrolled  hypertension  and/or  reduced  blood  flow  due  to  incomplete 
aortic  valve  opening. 

In  contrast,  the  two  main  etiologies  for  diastolic  dysfunction  are  impaired 
ventricular  relaxation  and  obstruction  of  left  ventricular  filling.  Impaired  ventricular 
relaxation  is  mainly  due  to  increased  ventricular  wall  stiffness  caused  by:  (1)  left 
ventricular  hypertrophy  -  thickening  of  the  heart  muscle  in  the  left  ventricle  in 
response  to  pressure  or  volume  overload;  (2)  cardiomyopathies  -  decline  in  heart 
muscle  functionality;  and  (3)  myocardial  ischemia  -  inadequate  blood  flow  to  the 
heart  causing  an  imbalance  in  oxygen  supply  and  demand  in  the  heart. 
Obstruction  of  left  ventricular  filling  occurs  because  of  conditions  such  as  mitral 
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stenosis  (narrowing  of  the  mitral  valve  opening)  and  tamponade  (fluid  fills  the 
pericardial  space),  which  prevent  adequate  blood  flow  in  and  out  of  the  heart. 

Secondary  Changes  in  Heart  Failure.  When  cardiac  output  is  reduced, 
the  body  attempts  to  compensate  with  several  mechanisms.  An  overview  of  the 
heart  failure  process  is  shown  in  Figure  1  (2).  There  is  an  initial  event  or  disease 
state  that  results  in  decreased  stroke  volume  and  cardiac  output.  This  initial 
impairment  is  followed  by  secondary  changes  to  compensate  for  the  reduced 
pumping  ability.  Examples  of  these  secondary  changes  include;  retaining  salt 
and  water  to  increase  the  amount  of  blood  in  the  bloodstream,  increasing  heart 
rate,  and  increasing  the  size  of  the  heart.  As  illustrated  in  Figure  1  (2),  these 
secondary  changes  are  regulated  by  activation  of  the  renin-angiotension- 
aldosterone  system  (RAAS)  and  the  sympathetic  nervous  system,  as  well  as 
increased  production  of  antiduretic  hormone  (ADH).  Further,  remodeling  of  the 
heart,  stretching  of  the  heart  muscle  in  response  to  excessive  wall  stress,  results 
in  increased  heart  size  or  ventricular  hypertrophy.  In  addition,  chronic 
inflammation  is  present  in  heart  failure,  evidenced  by  high  levels  of  tumor 
necrosis  factor  alpha  (TNF-a)  and  other  pro-inflammatory  cytokines  (14).  This 
inflammation  process  contributes  to  remodeling  of  the  heart,  which  results  in  the 
progression  of  symptoms  and  disease  in  heart  failure  (15).  It  is  important  to 
remember  that  the  processes  enlisted  as  compensatory  mechanisms  to  promote 
increases  in  cardiac  output  and  heart  function  in  the  short-term  become 
detrimental  when  chronically  activated  and  can  lead  to  worsening  heart  failure. 
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Epidemiology  of  Heart  Failure 

Research  demonstrates  that  heart  failure  is  a  terminal  condition  with  a 
survival  rate  only  somewhat  better  than  cancer  (1 6).  At  five  years  after  a  heart 
failure  diagnosis,  only  50%  of  patients  are  alive,  while  patients  with  NYHA  Class 
III  or  Class  IV  symptoms  have  a  1-year  survival  rate  of  40%  (13).  Heart  failure  is 
associated  with  an  annual  mortality  rate  of  10%,  even  with  the  best  therapy  (17). 

Unlike  many  of  the  other  cardiac  diseases,  the  incidence  of  heart  failure  is 
increasing  due  to  the  growing  older  population  and  the  success  of  interventions 
on  survival  after  cardiac  events  (1 3).  Current  reports  show  that  there  are 
approximately  570,000  new  cases  of  heart  failure  each  year  (4).  Barker  and 
colleagues  (18)  found  that  between  the  study  periods  of  1970-1974  and  1990- 
1994,  the  age-adjusted  incidence  of  heart  failure  increased  14%  among  persons 
65  years  or  older.  In  contrast,  a  community-based  cohort  study  found  that  the 
incidence  of  HF  showed  no  change  across  two  decades  (1979-2000),  but 
survival  after  onset  did  increase  over  time,  less  so  among  women  and  elderly 
persons  (5). 

The  overall  prevalence  of  heart  failure  in  males  aged  20-i-  (2.6  million, 
2.8%)  is  slightly  higher  than  in  females  (2.6  million,  2.2%)  (4).  Although  the 
prevalence  of  heart  failure  is  relatively  similar  across  ethnic  groups,  there  are 
gender  differences  among  ethnic  groups.  While  the  heart  failure  prevalence  in 
white  males  (2.8%)  and  Mexican  American  males  (2.1%)  is  slightly  higher  than  in 
white  females  (2.1%)  and  Mexican  American  females  (1 .9%)  respectively,  the 
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heart  failure  prevalence  in  black  females  (3.3%)  is  higher  than  in  black  males 
(2.7%)  (4). 


LV  Dysfunction  and  Relevance  of  B-Type  Natriuretic  Peptide 

Reduction  in  left  ventricular  (LV)  function  is  the  most  common  cause  of 
symptoms  and  hospitalizations  in  heart  failure  patients  with  coronary  artery 
disease  (CAD).  LV  dysfunction  is  typically  defined  as  an  EF  <  30%,  which  is  seen 
in  2/3  of  patients  with  HF  (19).  Myocardial  ischemia,  the  imbalance  between 
myocardial  blood/oxygen  supply  and  demand,  can  result  in  LV  dysfunction  and 
impaired  cardiac  pump  function  (20).  LV  remodeling  and  increased  wall  stress  (or 
tension),  due  to  repeated  cardiac  insults  and/or  compensatory  measures,  can 
lead  to  pump  dysfunction  and  failure,  as  well  as  increased  risk  of  arrhythmias 
(irregular  electrical  activity  of  the  heart)  and  sudden  death  (21).  Therefore, 
biomarkers  of  overload  and  wall  stress  are  becoming  increasingly  important 
predictors  of  heart  failure  morbidity/mortality  outcomes  (22,  23).  One  such 
biomarker  that  has  shown  promise  in  the  diagnosis  and  treatment  of  heart  failure 
is  B-type  natriuretic  peptide  (BNP). 

BNP  is  one  of  several  peptide  hormones  (A-type,  B-type,  and  C-type) 
secreted  by  the  heart  in  response  to  volume  and  pressure  overload  and 
myocardial  stretch  (24).  BNP  is  released  from  ventricular  myocytes  in  response 
to  myocyte  stretching  whereas  ANP  is  released  from  atrial  myocytes  in  response 
to  high  blood  pressure.  The  natriuretic  peptides  are  hormones  with  strong  diuretic 
and  natriuretic  actions,  the  ability  to  relax  vascular  smooth  muscle,  and  are 
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natural  antagonists  for  the  sympathetic  nervous  system  and  the  RAAS  (23).  ANP 
and  BNP  decrease  systemic  vascular  resistance  and  increase  natriuresis 
(excretion  of  excess  sodium  in  the  urine)  in  order  to  decrease  cardiac  output  and 
blood  volume  (25).  The  main  physiological  purpose  of  the  natriuretic  peptides  is 
to  maintain  homeostasis  and  protect  the  cardiovascular  system  from  volume 
overload  (23).  In  effect,  BNP  (along  with  the  other  natriuretic  peptides) 
counteracts  the  compensatory  mechanisms  described  earlier  that  can  worsen 
cardiac  function  when  chronically  activated  and  is  therefore  an  important 
biomarker  for  use  in  heart  failure  diagnosis  and  treatment. 

Clinically,  BNP  is  important  in  diagnosis/differential  diagnosis  in  individuals 
with  suspected  HP,  with  a  decision  cut-point  of  100  pg/ml  now  accepted  as 
positive  for  HF  (23).  Increases  in  BNP  levels  in  the  heart  failure  patient  can  also 
be  used  to  track  heart  failure  disease  severity.  For  example,  BNP  consistently 
correlates  with  NYFIA  function  class  across  a  number  of  studies  (26-28). 
Epidemiologic  data  from  the  Framingham  study  also  showed  that  plasma  BNP 
levels  predicted  death  and  cardiovascular  events  after  adjusting  for  other  risk 
factors,  such  that  each  one  standard  deviation  increment  in  log  BNP  level  was 
associated  with  a  27%  increase  in  risk  of  death,  a  28%  increase  in  risk  of  first 
cardiovascular  events,  and  a  77%  increase  in  risk  of  FIF  (29).  In  addition,  a 
doubling  of  BNP  over  baseline  has  been  suggested  as  a  clinically  relevant 
marker  of  HF  decompensation  when  taken  together  with  information  from  the 
history  and  physical  examination  (23). 


7 


In  sum,  BNP  appears  to  be  a  useful  biomarker  indicating  decompensation 
in  cardiac  patients  and  may  have  implications/uses  to  address  risk  in  healthy 
individuals. 

Psychosocial  Stress 

Definition 

The  importance  of  stress  on  health  and  disease  risk  has  been  a  topic  of 
research  interest  for  decades.  Researchers  have  investigated  the  role  of  stress  in 
many  areas  of  health,  including  cancer  (30,  31),  cardiovascular  disease  (11), 
immune  function  (32),  sleep  (33,  34),  and  mental  illness  (35).  In  particular, 
coronary  disease  research  has  shown  that  stress  is  associated  with  every  level 
of  the  disease  process  from  its  impact  on  risk  factors  to  triggering  of  acute 
cardiac  events.  Stress  is  significantly  associated  with  an  increase  in  unhealthy 
behaviors  such  as  smoking,  alcohol  consumption,  poor  diet,  and  reduced 
physical  activity,  which  are  all  known  risk  factors  for  CAD  (36-40).  Stress  is 
related  to  an  increased  inflammatory  response,  platelet  aggregation,  and 
endothelial  dysfunction  (41-43),  which  contribute  to  the  development  of  coronary 
artery  atherosclerosis  (34)  and  coronary  artery  disease  (25-33).  In  addition,  acute 
events  in  CAD  (i.e.,  myocardial  ischemia  and  infarction,  malignant  arrhythmia, 
and  sudden  cardiac  death)  have  been  shown  to  be  triggered  acutely  by  stress 
(44-46). 
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The  first  step  in  exploring  the  role  of  stress  in  CAD  is  to  fully  understand 
“What  is  stress?”  Scientists  have  conceptualized  stress  differently  depending  on 
the  theoretical  perspective  they  choose  as  a  guide.  The  “environmental 
perspective”  concerns  how  stressful  life  events  are  important  in  connecting  the 
concepts  of  stress  and  disease,  with  particular  focus  on  characteristics  of  the 
stressors.  After  decades  of  research  aimed  at  describing  the  relationship 
between  stressful  life  events  and  disease,  the  focus  in  recent  years  has  turned  to 
explaining  the  mechanisms  involved  in  the  association  of  disease  and  life  events. 
Mechanisms  to  explain  why  individuals  with  similar  life  events  can  experience 
different  outcomes  have  included  reduced  self-esteem,  poor  coping  strategies, 
low  social  support,  and  an  increased  number  of  stressors  (47). 

Although  research  into  the  life  events  and  illness  relationship  is  valuable, 
Rabkin  &  Struening  (48)  found  that  no  more  than  9%  of  the  variance  in  health 
outcomes  is  explained  by  life  events.  It  is  important  to  note  that  most  individuals 
who  experience  stressors  do  not  develop  illness.  Stressful  life  events  are  usually 
temporary,  whereas  other  more  traditional  risk  factors  for  disease  can  be  longer- 
lasting  and  appear  to  be  more  influential  for  developing  disease  (i.e.,  smoking, 
alcohol  consumption,  a  high-fat,  low-fiber  diet,  and  risky  lifestyle)  (49). 

The  “psychological  stress  perspective”  describes  how  psychological 
variables  associated  with  the  person  are  responsible  for  the  creation  of  a  stress 
response  to  a  particular  environmental  stressor.  Researchers  operating  within 
this  model  are  concerned  with  individual  differences  in  appraisal,  coping,  and 
other  cognitive  variables  as  these  concepts  relate  to  the  stressor-response 
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relationship.  Ultimately,  stress  occurs  when  stimuli,  events,  and  responsibilities 
exceed  one’s  perceived  coping  abilities. 

The  next  question  is,  “How  is  stress  measured?”  Just  as  the  definition  of 
stress  has  several  conceptualizations,  the  measurement  of  stress  can  be  carried 
out  with  a  variety  of  different  methods,  including  self-report,  physiologic 
measurements,  and  behavioral/performance  measures.  Clinicians  and 
researchers  can  tailor  the  stress  measurement  method  to  the  definition  of  stress 
that  is  utilized  and  the  question  they  are  interested  in  investigating. 

Stress  and  Cardiovascular  Disease 

The  last  step  in  understanding  stress  is  to  answer  the  following  question: 
“How  does  stress  relate  to  and  affect  CAD?”  There  is  an  abundance  of  evidence 
in  the  literature  supporting  the  notion  that  stress  greatly  impacts  CAD  (50-59).  It 
has  already  been  noted  that  stress  may  present  in  various  forms,  but  the 
evidence  linking  stress  and  CAD  crosses  all  definitions.  Chronic  stressors,  in  the 
form  of  job  stress,  marital  stress,  and  the  stress  associated  with  poverty,  have 
been  associated  with  increased  cardiovascular  risk  and  incidence  of  CAD  (50- 
52).  In  particular,  low  decision  latitude  in  an  individual’s  occupation  was  found  to 
be  associated  with  increased  CHD  morbidity  and  mortality  (50).  In  addition,  the 
primate  literature  shows  that  chronic  stress,  due  to  social  disruption,  is  related  to 
greater  development  of  atherosclerosis  (53). 

Perhaps  the  most  studied  area  in  the  stress  literature  is  the  cardiovascular 
effect  of  acute  stress.  Investigators  have  found  that  acute  cardiovascular  events. 


10 


such  as  myocardial  ischemia  and  infarction,  can  be  triggered  by  physical  and 
mental  stressors  (45).  In  addition,  several  studies  have  shown  that  natural 
disasters  (54,  55)  and  traumatic  events  (56,  57)  are  associated  with  increases  in 
cardiac  events,  including  myocardial  infarction,  ventricular  arrhythmias,  and 
sudden  cardiac  death.  For  example,  admissions  for  acute  Ml  were  more  than 
double  (OR=2.4)  in  the  week  after  the  1994  Northridge  earthquake,  as  compared 
with  the  week  before  the  disaster,  especially  at  hospitals  closest  to  the 
earthquake’s  epicenter  (54).  In  addition,  Steinberg  and  colleagues  found  that 
there  was  a  significant  2-3  fold  increase  in  implantable  cardioverter  defibrillator 
(ICD)  therapy  in  the  month  following  the  World  Trade  Center  attacks  in  2001  as 
compared  to  previous  levels  (57).  There  is  also  evidence  that  measures  of 
perceived  stress  are  related  to  onset  of  new  coronary  heart  disease  (58). 

Finally,  individuals  can  have  different  patterns  in  hemodynamic  stress 
reactivity  (i.e.,  changes  in  blood  pressure  and  heart  rate  in  response  to  mental 
stressors).  Research  has  shown  that  those  with  greater  blood  pressure  increases 
in  response  to  stress  may  develop  higher  levels  of  preclinical  cardiac  states, 
including  increases  in  left  ventricular  mass  and  enhanced  carotid  atherosclerosis 
(59,  60).  In  addition,  greater  cardiovascular  reactivity  in  response  to  mental 
stress  in  cardiac  patients  is  predictive  of  a  higher  incidence  of  cardiovascular 
events  (61). 

Stress  and  Fleart  Failure.  The  precise  importance  of  psychological 
variables  in  heart  failure,  including  stress  and  mood,  is  still  under  investigation. 
Flowever,  several  investigators  have  found  evidence  that  stress  and  depression 
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are  prevalent  in  heart  failure  and  may  increase  symptoms  and  hospitalizations 
(62).  One  group  of  researchers  compared  precipitants  of  hospitalizations 
between  heart  failure  patients  and  a  non-HF  hospitalized  control  group  (9).  The 
results  of  this  study  showed  that  emotional  events/stressors  (i.e.,  argument, 
extreme  anxiety,  anticipation  of  dreaded  event)  precipitated  hospitalization  more 
frequently  in  the  heart  failure  group  (49%)  than  in  the  control  group  (24%).  Lack 
of  adherence,  emotional  issues,  and  environmental  issues,  along  with  several 
physiological  measures,  were  found  to  be  precipitants  of  decompensation  in 
heart  failure  in  another  study  (63).  In  addition,  one  study  found  that  psychological 
stress,  with  hypertension,  smoking,  and  waist  to  hip  ratio,  was  a  significant  risk 
factor  for  heart  failure  (64). 

Psychosocial  stress  appears  to  have  an  important  role  in  heart  failure 
decompensation  and  severity.  This  study  will  investigate  the  relationship  of  these 
psychological  variables  with  hemodynamic  variables  that  also  perform  a  key  role 
in  the  process  of  heart  failure.  The  purpose  of  examining  this  relationship  in  a 
healthy  population  is  to  determine  the  underlying  associations  without  the 
complications  of  other  variables  related  to  disease  state,  in  order  to  inform  the 
research  on  these  concepts  in  heart  failure  patients. 

Reactivity  (Emotional  and  Hemodynamic) 

Laboratory  testing  with  mental  stress  and  exercise  is  a  useful  technique  to 
examine  responses  to  environmental  stimuli  that  may  occur  during  daily  life. 
Although  testing  in  the  laboratory  setting  may  seem  artificial,  mental  stress  has 
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been  shown  to  be  associated  with  considerable  hemodynamic  responses  (65).  In 
fact,  laboratory  levels  and  reactivity  of  heart  rate  and  blood  pressure  to  mental 
stress  have  shown  satisfactory  reproducibility  with  high  test-retest  correlations 
and  can  be  generalized  to  daily  life  (66,  67).  Results  of  generalizability  studies 
have  been  inconsistent  (68,  69)  calling  into  question  the  validity  of  laboratory 
stressors.  However,  Kamarck  et  al.  (70)  were  able  to  show  a  robust  relationship 
between  laboratory  and  real-world  cardiovascular  reactivity  using  aggregated 
data  from  multiple  measurements.  The  authors  contend  that  the  methodology  of 
previous  studies  on  generalizability  of  reactivity  were  not  adequate  to  obtain 
consistent  results.  Evidence  from  both  healthy  population  and  cardiac  patient 
research  has  shown  a  relatively  consistent  pattern  of  hemodynamic  reactivity 
associated  with  mental  stressors  and  exercise  stressors.  Standard  aerobic 
exercise  stress  is  associated  with  a  marked  increase  in  heart  rate  and  cardiac 
output  and  a  concomitant  prominent  vasodilation  response  (65).  In  general, 
mental  stressors  increase  heart  rate  and  cardiac  output  and  have  vasodilatory 
effects,  but  at  a  lesser  magnitude  than  produced  by  exercise  (65).  Comparing 
mental  and  exercise  stressors,  investigators  have  consistently  found  that  heart 
rate,  cardiac  output,  and  systolic  blood  pressure  increase  more  with  exercise 
whereas  mental  stress  is  associated  with  greater  diastolic  blood  pressure 
increases  (65,  71 , 72). 

Greater  cardiovascular  reactivity  in  response  to  mental  stress  has  been 
associated  with  greater  risk  for  the  development  of  coronary  artery  disease, 
hypertension,  and  worsening  of  existing  disease  (61 , 73,  74),  although  not  all 
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investigators  have  been  able  to  replicate  these  findings  (75-78).  Strike  and 
colleagues  found  that  CAD  patients  had  exaggerated  hemodynamic  and  platelet 
responses  to  mental  stress  as  compared  with  healthy  controls  (41),  which  could 
promote  acute  coronary  events  through  plaque  rupture  or  thrombogenesis.  In 
addition,  heightened  hemodynamic  reactivity  to  mental  stress  testing  can  identify 
individuals  with  CAD  who  are  more  likely  to  experience  myocardial  ischemia 
during  daily  life  and  with  mental  stress  in  the  laboratory  (74). 

Task-specific  Responses 

In  the  present  study,  cardiovascular  reactivity  to  two  types  of  mental  stress 
will  be  compared  with  a  particular  focus  on  blood  pressure  (BP),  heart  rate  (HR), 
cardiac  output  (CO),  total  peripheral  resistance  (TPR),  and  brain  natriuretic 
peptide  (BNP).  The  first  two  tasks  are  classic  mental  stressors  called  mental 
arithmetic  (cognitive)  and  anger  recall  speech  (emotional).  These  two  tasks  have 
been  grouped  together  because  of  similar  cardiovascular  reactivity  seen  with 
these  tasks.  The  second  type  of  stressor  is  a  mirror  trace  task  (psychomotor),  in 
which  the  participant  will  utilize  an  apparatus  to  trace  the  shape  of  a  star  using 
only  their  reflection  in  a  mirror.  Previous  research  has  found  that  the  pattern  of 
cardiovascular  responses  differ  between  these  two  types  of  mental  stressors 
(65).  The  mirror  trace  task  has  been  described  as  a  strong  “vascular”  stimulus 
due  to  a  strong  and  consistent  increase  in  TPR  in  response  to  this  task.  In 
contrast,  the  cognitive  and  emotional  types  of  mental  stressors  (such  as  mental 
arithmetic  and  anger  recall)  can  be  thought  of  as  weak  “cardiac”  tasks  due  to  the 
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greater  cardiac  output  response  as  opposed  to  TPR,  but  this  pattern  is  less 
consistent  across  individuals.  At  relatively  low  levels  of  stimulation  the  increase  in 
cardiac  output  found  in  these  cognitive/emotional  stressors  could  be  due  to  a 
decrease  in  vagal  tone  at  the  heart,  but  at  higher  levels  the  increase  in  cardiac 
output  would  be  due  to  increases  in  cardiac  p-adrenergic  activity  (79). 

Situational  stereotypy  is  an  important  concept  to  consider  for 
understanding  the  differences  in  response  patterns  between  these  two  types  of 
mental  stressors.  This  concept  describes  the  extent  to  which  different  situations 
elicit  stereotypically  distinct  patterns  of  physiological  responses  (80).  Lacey  (81) 
explained  that  the  activation  process  is  multidimensional  and  reflects  the 
intended  aim  or  goal  of  a  behavior.  He  believes  that  the  interaction  of  an 
organism  and  its  environment  is  key  to  predicting  an  arousal  pattern  (82). 
Therefore,  different  types  of  mental  stress  tasks  may  be  thought  of  as  requiring 
varied  environmental  interactions  and  as  such  will  produce  different  physiological 
responses. 

One  way  to  distinguish  between  tasks  is  to  consider  whether  “active 
coping”  or  “passive  coping”  is  standard  for  that  challenge.  Obrist  (83)  defines 
active  coping  as  effort  to  influence  or  control  the  outcome  of  an  event  and 
hypothesized  that  tasks  requiring  active  coping  would  increase  sympathetic 
activation.  In  fact,  stressors  that  consist  of  mental  work,  active  coping,  or  a 
defense  reaction  have  a  pattern  of  reactivity  that  includes  increased  blood 
pressure,  heart  rate,  cardiac  output,  and  p-adrenergic  activity  (83-85).  Contextual 
factors,  such  as  predictability,  controllability,  competition,  and  harassment,  can 
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modulate  the  active  coping  pattern  (79).  Mental  arithmetic,  Stroop  color-word 
test,  public  speaking,  and  competitive  card  games  are  all  tasks  that  have  shown 
an  active  coping  response  pattern  (86-89). 

On  the  other  hand,  stressors  that  involve  aversive  vigilance,  passive 
coping,  or  passive  avoidance  have  a  response  pattern  of  increased  blood 
pressure,  skeletal  muscle  vasoconstriction,  TPR,  and  a-adrenergic  activity  (79). 
Given  this  pattern,  it  follows  that  the  mirror  trace  task  necessitates  passive 
coping  or  aversive  vigilance,  which  may  explain  why  that  task  has  shown  a 
strong  associated  vascular  response.  These  coping  strategy-related 
cardiovascular  reactivity  patterns  provide  a  plausible  rationale  for  the  differences 
in  reactivity  between  the  mental  arithmetic  and  mirror  trace  tasks  to  be  used  in 
the  present  study. 

Rationale  for  Studying  BNP  with  Mental  Stress 

Currently,  there  is  little  known  regarding  the  effects  of  mental  or  emotional 
stress  on  BNP  levels.  However,  there  is  evidence  in  the  human  and  animal 
literature  that  suggests  a  connection  between  physiological  systems  involved  in 
the  stress  response  and  BNP.  Given  the  hemodynamic  changes  known  to  occur 
in  response  to  mental  stress,  it  follows  that  BNP  would  increase  in  order  to 
maintain  homeostasis  and  protect  the  cardiovascular  system.  The  question 
remains  whether  changes  in  BNP  levels  in  response  to  stress  would  be  evident 
in  a  healthy  population  without  heart  failure. 
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A  study  of  rats  found  that  signals  for  ANP  and  BNP  genes  (mRNAs)  were 
observed  in  the  heart  at  rest  and  were  upregulated  in  response  to  immobilization 
stress  reaching  a  maximum  at  1  h  (for  BNP)  and  3  h  (for  ANP)  following  the 
onset  of  immobilization  stress  (90).  This  study  provides  evidence  in  an  animal 
model  for  a  possible  increase  in  BNP  activity  in  response  to  a  mental  stressor. 
With  regard  to  other  natriuretic  peptides,  A-type  natriuretic  peptide  (ANP) 
secretion  is  more  pronounced  in  panic  patients  during  panic  attacks,  but  is  lower 
at  rest  in  panic  patients  (91).  These  results  are  promising  as  an  insight  into  the 
potential  for  an  association  between  stress  and  the  natriuretic  peptide  system, 
especially  BNP,  which  has  shown  clinical  importance  in  the  area  of  heart  failure. 

The  effects  of  psychosocial  factors  on  BNP  are  largely  unknown.  Although 
the  literature  addressing  the  relationship  of  mental  stress  and  BNP  is  scarce, 
many  researchers  have  investigated  the  relationship  of  BNP  to  physical  stress 
and  exercise  in  particular.  The  results  are  inconsistent  for  healthy  participants. 
There  are  a  number  of  studies  that  have  shown  an  increase  in  BNP  in  response 
to  exercise  whereas  others  have  found  no  such  change  in  BNP. 

One  study  comparing  heart  failure  patients  and  healthy  controls  found  that 
both  ANP  and  BNP  increased  significantly  in  response  to  exercise  for  the  heart 
failure  patients,  but  there  were  no  significant  changes  in  either  hormone  for  the 
controls  (92).  Although  ANP  was  found  to  be  significantly  increased  in  response 
to  exercise  in  two  studies  with  healthy  control  subjects,  levels  of  BNP  did  not 
change  in  those  studies  (93,  94). 
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On  the  other  hand,  there  is  evidence  that  exercise  can  produce  a  transient 
increase  in  BNP,  even  in  healthy  individuals.  In  a  study  of  eight  healthy  males, 
plasma  ANP  was  significantly  increased  during  bicycle  (1 1 .0±4.5  to  37.0±16.3) 
and  hand-grip  exercises  (14.93±3.06  to  26.49±3.13)  and  there  was  a  significant 
trend  for  increased  plasma  BNP  levels  during  both  exercises  (bicycle:  1 .60±0.83 
to  2.48±1 .49;  hand-grip:  1 .85±0.44  to  2.40±0.84)  (95).  After  extreme  levels  of 
exercise,  such  as  those  from  an  100-km  ultramarathon,  levels  of  ANP  (Pre: 
6.7813.26;  Post:  1 3.5417.27)  and  BNP  (Pre:  3.3312.91;  Post:  18.8011 3.33)  have 
been  shown  to  be  significantly  increased  in  healthy  men  (96).  But  exercise- 
induced  increases  in  BNP  for  healthy  participants  are  not  limited  to  extreme 
exertion  levels.  Huang  and  colleagues  (97)  demonstrated  a  significant  increase 
in  plasma  BNP  (Pre:  3.3810.50;  Post:  8.2112.02;  MeanlSEM)  immediately  after 
completion  of  the  standard  Bruce  exercise  protocol  (98)  with  23  healthy  young 
male  participants.  These  investigators  also  evaluated  the  time  course  of  BNP 
from  rest  to  48  hours  post-exercise  and  found  that  BNP  was  only  significantly 
increased  immediately  after  exercise  and  had  returned  to  resting  levels  within 
one  hour  after  exercise  (97).  In  summary,  given  the  hemodynamic  reactivity  that 
occurs  in  response  to  mental  stress,  these  data  on  BNP  exercise-induced 
changes  may  be  extrapolated  to  speculate  that  mental  stress  could  potentially 
produce  similar  BNP  changes. 
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Obesity  as  a  Moderator  of  Stress  Responses 


Given  the  significant  role  of  psychosocial  stress  in  cardiovascular  disease, 
it  is  useful  to  investigate  how  other  risk  factors  interact  with  cardiovascular  stress 
responses.  Obesity  has  been  shown  to  be  important  in  the  initiation  (99)  and 
exacerbation  (100)  of  CAD.  Therefore,  this  study  will  assess  the  effect  of  obesity 
and  depression  on  BNP  and  other  cardiovascular  responses  to  stress.  In  order  to 
provide  an  understanding  of  why  these  variables  may  have  particular  importance, 
a  review  of  the  cardiovascular  risk  and  hemodynamic  stress  response  associated 
with  obesity  will  follow. 

Definition  &  Importance  for  Health  Related  Concerns 

Obesity  is  a  complex  phenomenon  with  biological,  social,  and 
psychological  causes  and  consequences  (101).  Both  the  CDC  and  WHO  classify 
obese  as  having  a  body  mass  index  (BMI)  of  30  kg/m^  or  greater  (102,  103).  In 
the  United  States,  obesity  has  become  an  important  and  growing  public  health 
concern.  In  2004,  140  million  adults  in  the  U.S.  were  overweight  and  66  million 
were  obese  (4).  Obesity  is  the  second  leading  cause  of  preventable  death  in  the 
U.S.,  after  smoking,  with  an  excess  mortality  rate  of  300,000  deaths  per  year 
(104).  Health  outcomes  of  chronic  and  other  disease  states,  such  as  Type  2 
diabetes,  cardiovascular  disease,  hypertension,  cancer,  and  stroke,  are  all 
associated  with  obesity  (102).  In  addition,  obesity  is  a  risk  factor  for 
cardiovascular  disease,  diabetes,  hypertension,  stroke,  and  cancer  (102).  The 
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bottom  line  is  that  an  individual’s  level  of  obesity  is  positively  correlated  with  their 
likelihood  to  develop  health  problems  and  accelerate  the  aging  process  (105). 
Therefore,  the  mechanisms  contributing  to  the  excessive  health  risk  associated 
with  obesity  are  important  to  investigate,  not  only  due  to  the  health  burden,  but 
also  because  the  magnitude  of  individuals  affected  by  obesity  is  such  a 
substantial  proportion  of  the  population. 

Although  BMI  is  the  most  widely  used  indicator  of  obesity,  there  are  other 
measures  of  body  composition  that  also  confer  excess  health  risk,  such  as  waist 
circumference,  body  fat  percentage,  and  waist-to-hip  ratio  (WHR).  WHR  is  widely 
used  as  a  measure  of  fat  distribution  and  is  mainly  determined  by  adipose  tissue 
in  the  abdomen  (106,  107).  This  measure  is  expressed  as  a  ratio  of  waist  to  hip 
circumference  in  order  to  adjust  for  frame  size.  Excess  abdominal  fat  is  an 
independent  predictor  of  risk  factors  and  morbidity  (108).  In  particular,  WHR  has 
been  shown  to  be  associated  with  an  increased  risk  for  diabetes,  CAD,  and 
hypertension  (109).  The  higher  risk  from  abdominal  fat  most  likely  derives  from 
the  enlarged  visceral  fat  deposits  that  are  associated  with  abdominal  obesity 
(110).  Visceral  fat  is  located  inside  the  abdomen  between  internal  organs  and 
subcutaneous  fat  is  found  beneath  the  skin.  Visceral  fat  accumulation  is 
associated  with  more  glucose  and  lipid  metabolism  disorders  and  hypertension 
as  compared  with  subcutaneous  fat  accumulation  (111).  Previous  literature 
suggests  that  visceral  fat  has  an  important  impact  on  CAD  risk  regardless  of 
obesity  (107,  112).  Therefore,  measures  of  abdominal  adipose  tissue,  such  as 
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waist  circumference  and  WHR,  may  provide  useful  information  for  disease  risk 
not  obtained  from  BMI. 

Hemodynamic  Stress  Reactivity  and  Obesity 

Evidence  has  shown  that  obesity  is  associated  with  a  risky  pattern  of 
hemodynamic  reactivity  in  response  to  mental  stress.  One  study  (113)  compared 
a  group  of  insulin  resistant  (IR)  women  to  a  control  group  of  non-insulin  resistant 
women.  The  IR  group  had  a  mean  BMI  of  34  kg/m^,  which  falls  in  the  obese 
category,  and  the  control  group  had  a  mean  BMI  of  26  kg/m^,  just  above  the 
overweight  classification  cut-point  based  on  the  GDC  and  WHO  guidelines.  The 
results  of  this  study  (1 1 3)  showed  that  the  control  group  had  an  increase  in  CO 
(5.5±0.8  to  6.9±1 .1  L/min)  and  a  decrease  in  SVR  (1090±149  to  971  ±21 7 
dyn-s-cm'^)  in  response  to  mental  arithmetic,  whereas  the  IR  group  had  a 
paradoxical  increase  in  SVR  (12771248  to  13971218  dyn-s-cm'^)  along  with  a 
non-significant  increase  in  CO  (5.7±1 .3  to  6.2±1 .3  L/min). 

A  similar  study  examined  mental  stress  and  handgrip  reactivity  in  male 
hypertensive  participants  separated  based  upon  a  BMI>27  kg/m^  and  a  BMI<27 
kg/m^  (7).  The  study,  published  in  1 992,  utilized  the  NHANES  1 976-1 980  (1 1 4)  to 
develop  the  cutoff  point  at  BMI=27  kg/m^.  In  the  heavier  group,  these 
researchers  also  found  a  paradoxical  and  exaggerated  increase  in  TPR  with  an 
attenuated  increase  in  CO  in  response  to  a  mental  arithmetic  task.  Furthermore, 
the  heavier  group  showed  a  greater  increase  in  TPR  in  response  to  the  handgrip 
task  as  compared  to  the  leaner  group,  whereas  there  was  no  difference  in  CO  or 
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stroke  volume  between  the  two  groups.  This  study  demonstrated  that  heavier 
hypertensive  individuals  respond  to  a  cognitive  mental  stressor  with  a  less 
favorable  pattern  of  vasoconstriction  rather  than  the  expected  vasodilation  of  the 
leaner  group  and  exaggerated  vasoconstriction  in  response  to  isometric  handgrip 
stress  (7). 

Stress  Reactivity  in  Healthy  Obese  Individuals.  In  order  to  refine  the 
relationship  between  obesity  and  hemodynamic  reactivity  patterns,  several 
additional  studies  have  utilized  healthy  obese  and  lean  participants  without 
hypertension,  diabetes,  or  insulin-resistance  and  investigated  the  relationship 
with  different  outcome  variables  (1 06,  11 5,  11 6).  One  of  these  studies 
investigated  the  relationship  of  mental  stress  reactivity  to  continuous  measures  of 
BMI  and  waist  hip  ratio  (WHR)  in  20  normotensive  healthy  young  men  (106). 
During  mental  stress,  the  authors  found  no  significant  univariate  correlations 
between  BMI  and  CO  or  TPR.  However,  the  univariate  correlations  of  WHR  with 
CO  and  TPR  presented  a  paradoxical  pattern  similar  to  previously  reported 
studies,  showing  a  negative  correlation  with  CO  (r=-0.63,  p<0.01)  and  a  positive 
correlation  with  TPR  (r=0.49,  p<0.05).  Because  BMI  and  WHR  were  interrelated 
in  this  study,  the  authors  used  regression  models  to  assess  the  relative 
contribution  of  each  anthropometric  index  to  hemodynamic  variables.  These 
analyses  revealed  the  same  patterns  for  WHR  with  CO  and  TPR  as  with  the 
univariate  correlations,  whereas  BMI  was  found  to  be  positively  related  to  CO 
and  negatively  related  to  TPR.  The  results  from  this  study  suggested  a  CO 
dependent  pressor  response  to  mental  stress  associated  with  higher  BMI  and 
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peripheral  vasoconstriction  associated  with  higher  WHR  (106).  However,  it 
should  be  noted  that  the  BMI  range  for  this  study  was  18.5  -  30.2  kg/m^, 
indicating  that  this  sample  was  mostly  lean  and  overweight  and  may  not  be 
representative  of  the  patterns  that  exist  in  healthy  obese  individuals.  Most 
importantly,  this  study  highlights  WHR,  mainly  determined  by  abdominal  adipose 
tissue,  as  an  important  index  in  the  classification  of  dysfunctional  hemodynamic 
reactivity  and  appears  to  be  a  useful  marker  even  below  the  traditional  obesity 
threshold. 

In  another  study,  23  obese  and  23  lean  normotensive  individuals 
underwent  a  mental  arithmetic  stressor  while  forearm  and  skin  blood  flow 
responses  were  measured  (116).  Blood  pressure  and  TPR  are  regulated  in  part 
by  both  skin  and  muscle  vascular  resistance  (117).  The  investigators  of  the  study 
hypothesized  that  the  exaggerated  blood  pressure  response  to  stress  associated 
with  obesity  might  be  related  to  deficient  skin  and  muscle  vasodilatation  (116).  In 
fact,  in  the  obese  group  there  was  a  significantly  blunted  response  of  forearm 
vascular  resistance  and  skin  microcirculatory  dilation  as  compared  to  the  lean 
group.  These  results  provide  evidence  that  both  skin  and  muscle  vasodilatation 
in  response  to  mental  stress  are  deficient  in  obesity.  The  fact  that  endothelial 
dysfunction  occurs  in  forearm  resistance  vessels  with  obesity  (118)  may  lead  to 
defects  in  mental  stress-induced  vasodilatation.  This  relationship  of  endothelial 
dysfunction  and  obesity  may  be  an  underlying  mechanism  for  the  development  of 
hypertension  in  obese  individuals  (116). 
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The  Obesity  BNP  Handicap  &  Possible  Explanations/Pathwavs. 

The  natriuretic  peptide  system  plays  a  key  role  in  the  regulation  of  renal 
sodium  and  water  retension,  renin-angiotensin,  and  sympathetic  nervous  system 
processes,  which  are  mechanisms  linking  obesity  to  the  development  of 
hypertension  (8).  There  is  speculation  that  obese  individuals  have  an  impaired 
natriuretic  peptide  response,  described  as  a  natriuretic  handicap  (119).  One 
study,  conducted  in  over  3,000  participants  from  the  Framingham  Study, 
compared  baseline  levels  of  BNP  and  ANP  in  obese,  overweight,  and  lean 
individuals  (8).  The  researchers  found  a  decrease  in  BNP  levels  with  increasing 
BMI  category,  such  that  there  was  a  1 .43  &  1 .64  fold  increase  in  the  odds  of 
having  low  BNP  for  the  overweight  women  and  men  (respectively)  and  a  1 .84  & 
2.51  fold  increase  in  the  odds  of  having  low  BNP  for  the  obese  women  and  men 
(respectively).  A  similar  pattern  of  results  was  found  for  the  association  between 
ANP  and  obesity.  This  difference  in  ANP  and  BNP  levels  supports  the  natriuretic 
handicap  phenomenon  (119)  and  there  are  several  potential  mechanisms  that 
may  explain  the  reduced  natriuretic  peptide  levels  in  obese  individuals.  First,  it 
has  been  suggested  that  adipocytes,  the  cells  that  largely  compose  adipose 
tissue,  participate  in  the  removal  of  natriuretic  peptides  from  the  circulation  due  to 
the  abundance  of  natriuretic  peptide  clearance  receptors  (NPR-C)  in  adipose 
tissue  (120).  In  addition  to  a  greater  amount  of  adipose  tissue  found  in  obese 
individuals,  adipose  tissue  in  obese  and  hypertensive  individuals  has  shown 
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elevated  NPR-C  gene  expression  (119).  Therefore,  it  is  possible  that  those  with 
obesity  are  able  to  produce  natriuretic  peptides  at  comparable  levels  to  those 
with  a  normal  BMI,  but  natriuretic  peptides  are  removed  from  the  system  at  a 
faster  rate  in  those  with  obesity. 

Another  possible  explanation  for  the  natriuretic  peptide  handicap  in  obese 
individuals  is  that  there  is  dysfunction  in  the  synthesis  or  secretion/release  of 
natriuretic  peptides  associated  with  obesity  (121 ,  122).  These  two  proposed 
hypotheses  are  not  necessarily  mutually  exclusive  from  each  other,  but  further 
research  is  needed  to  illuminate  the  contribution  of  each.  The  present  study  is 
designed  in  part  to  investigate  the  relative  importance  of  these  suggested 
pathways. 

Lastly,  the  cross-sectional  nature  of  prior  research  does  not  rule  out  a  bi¬ 
directional  causation  model.  It  is  possible  that  the  obese  state  is  a  consequence 
of  reduced  natriuretic  peptide  levels.  Evidence  shows  that  binding  of  ANP  to 
NPR-A  receptors  on  adipocytes  induces  lipolysis,  the  metabolic  process  of 
breaking  down  lipids  to  release  free  fatty  acids  (123).  Lower  natriuretic  peptide 
levels  would  therefore  result  in  reduced  lipolysis,  which  could  produce  and/or 
maintain  the  obese  state  (8). 

Possible  Moderating  Effect  of  Obesity  on  Hemodynamic  Stress  Responses 

Given  the  notable  relationships  between  obesity  and  mental  stress 
hemodynamic  responses  and  the  possible  explanations  for  the  obesity-related 
“natriuretic  peptide  handicap,”  this  study  will  examine  these  two  lines  of  research 
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together.  The  importance  of  the  obesity  group  differences  in  reactivity  is 
demonstrated  by  data  from  Gregg  and  colleagues  (124)  that  suggests  a  vascular 
or  mixed  hemodynamic  reaction  to  mental  stress  may  pose  excess  risk  for 
cardiovascular  disease.  In  addition,  the  reactivity  of  BNP  to  mental  stress  in  a 
healthy  sample  may  also  inform  heart  disease  risk,  perhaps  even  more  so  in  the 
context  of  obesity-related  disparity  in  BNP  levels  or  action. 

Based  on  the  differential  hemodynamic  reactivity  patterns  associated  with 
psychomotor  (passive  coping)  and  cognitive/emotional  (active  coping)  mental 
stressors,  the  model  for  this  study  (Figure  2)  suggests  that  the  vascular  nature  of 
response  to  the  mirror  trace  task  will  induce  greater  BNP  increases  as  compared 
with  the  math/speech  tasks.  As  seen  in  Figures  3  &  4  from  Norton  (3),  TPR 
affects  both  preload  and  afterload,  which  are  associated  with  myocardial  wall 
stress.  Therefore,  a  task  that  induces  a  significant  increase  in  TPR,  such  as  the 
mirror  trace  task,  will  likely  be  associated  with  preload  and  afterload  increases, 
resulting  in  greater  wall  stress  than  a  task  that  has  no  change  or  a  reduction  in 
TPR.  It  is  known  that  BNP  is  released  in  response  to  volume  overload  and  wall 
stress,  so  it  follows  that  significant  increases  in  TPR  will  produce  a  significant 
increase  in  BNP. 

In  this  study,  TPR  reactivity  is  thought  to  be  a  critical  factor  for  BNP 
release  in  response  to  mental  stress.  The  fact  that  obese  individuals  respond  to 
mental  stressors  with  a  pattern  of  increased  and/or  exaggerated  TPR  as 
opposed  to  lean  individuals  who  show  a  pattern  consistent  with  vasodilation, 
leads  to  the  conclusion  that  obese  individuals  will  have  similar  or  greater  BNP 
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increases  with  both  mental  stressors  despite  evidence  of  lower  resting  levels  of 
BNP.  It  is  hypothesized  for  this  study  that  the  adipose  tissue  clearance 
mechanism  explains  the  obesity  “natriuretic  peptide  handicap”  phenomenon 
completely  or  to  a  greater  extent  than  the  possibility  of  dysfunction  in  production 
or  release  of  natriuretic  peptides.  It  follows  that  if  there  is  no  difference  between 
obese  and  non-obese  groups  in  release  of  BNP,  then  reactivity  of  BNP  to  either 
type  of  stressor  should  be  at  least  comparable  and  perhaps  heightened  in  the 
obese  group  due  to  mental  stress-induced  vasoconstriction. 


Summary  and  Rationale  for  the  Proposed  Study 

Heart  failure,  and  cardiovascular  disease  in  general,  pose  a  substantial 
public  health  concern.  This  review  provided  evidence  that  psychosocial  stress  is 
related  to  incidence  of  coronary  disease  and  cardiovascular  events  and  obesity  is 
a  significant  risk  factor  and  can  change  the  hemodynamic  stress  response.  In 
addition,  the  benefits  and  potential  usefulness  for  risk  stratification  of  a  novel 
biomarker  such  as  BNP  were  reviewed.  In  the  present  study,  we  will  evaluate  the 
inter-relationships  of  the  important  psychosocial  variables  of  stress  and  obesity 
utilizing  BNP  in  comparison  with  more  traditional  cardiovascular  markers  of  the 
stress  response.  The  purpose  of  this  investigation  is  to  better  understand  the 
physiological  consequences  of  stress  with  a  focus  on  important  risk  variable 
group  differences. 
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Specific  Aims 


1 .  To  examine  and  compare  the  effects  of  two  acute  laboratory  mental 
stressors  known  to  elicit  different  hemodynamic  reactivity  patterns  in  a 
healthy  sample  and  investigate  the  role  of  cardiac  output  and  total 
peripheral  resistance  on  B-type  natriuretic  peptide  responses  to  stress. 

2.  To  assess  the  relationship  of  obesity  to  baseline  and  stress  levels  of 
cardiac  output,  total  peripheral  resistance,  and  B-type  natriuretic  peptide. 


Hypotheses 

Hypothesis  I  (a)  Mental  stress  will  be  associated  with  a  significant  increase  in 
hemodynamic  parameters  (HR,  SBP,  DBP)  for  both  types  of 
stress. 

(b)  The  mirror  trace  mental  stress  task  (psychomotor)  will  not 
increase  cardiac  output,  but  will  increase  total  peripheral 
resistance. 

(c)  The  mental  arithmetic  and  anger  recall  speech  mental  stress 
tasks  (cognitive/emotional)  will  increase  cardiac  output. 

(d)  Mental  stress  and  exercise  tasks  will  be  associated  with 
significant  increases  in  BNP,  with  similar  BNP  reactivity 
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between  mental  stressors  and  exercise  and  greater  BNP 
increase  with  the  mirror  trace  task  as  compared  to  the 
cognitive/emotional  tasks. 


Hypothesis  II  (a)  Greater  extent  of  obesity  will  be  associated  with  greater  TPR 
and  reduced  CO  responses  to  both  types  of  mental  stress, 
(b)  Greater  extent  of  obesity  will  be  associated  with  similar  or 
greater  BNP  responses  to  the  mental  stress  tasks.  A 
secondary  hypothesis  is  that  greater  extent  of  obesity  will  be 
associated  with  lower  baseline  levels  of  BNP. 
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Methods 


Overview 

The  present  research  is  a  laboratory  study  assessing  cardiovascular 
responses  to  two  types  of  mental  stress  and  exercise  in  participants  who  were 
either  obese,  overweight,  or  had  a  BMI  in  the  normal  range.  Obesity  status  and 
type  of  task  (cognitive/emotional  vs.  mirror  trace  vs.  exercise)  constituted  the 
primary  independent  variables.  Secondary  independent  variables  of  interest 
included  other  measures  of  body  composition,  such  as  waist  to  hip  ratio  (WHR), 
fat  free  mass,  and  body  fat  percentage.  Physiological  measures  during  rest  and 
both  mental  stressors  represented  the  primary  dependent  variables  and  included: 
systolic  blood  pressure  (SBP),  diastolic  blood  pressure  (DBP),  heart  rate  (HR), 
cardiac  output  (CO),  total  peripheral  resistance  (TPR),  and  B-type  natriuretic 
peptide  (BNP).  In  addition,  self-rated  mood  was  evaluated  over  the  course  of  the 
study  to  determine  how  salient  the  mental  stressors  were. 

Participants 

Thirty-six  participants  were  consented  for  this  study,  but  three  were 
excluded  because  of  hypertensive  baseline  blood  pressure  readings.  Participants 
were  recruited  from  the  Washington,  D.C.,  metro  area  from  newspaper  and 
online  resources,  including  craigslist.com  and  the  Washington  City  Paper.  In 
addition,  flyers  were  posted  on  bulletin  boards  at  USUHS.  Potential  participants 
were  screened  over  the  phone  by  the  Principal  Investigator  to  determine  eligibility 
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for  the  study  based  on  inclusion  and  exclusion  criteria.  Inclusion  criteria:  Healthy 
individuals  age  18-40  were  eligible  to  participate.  Participants  were  recruited  into 
one  of  three  groups:  obese  (BMI>30  kg/m^),  overweight  (25<BMI<30  kg/m^),  and 
normal  weight  (18.5<BMI<25  kg/m^).  To  participate  in  both  the  mental  stress  and 
exercise  tasks,  individuals  were  required  to  be  military  members,  military 
beneficiaries,  or  Federal  employee  civilians.  Exclusion  criteria  included:  (1) 
cardiovascular  disease,  (2)  hypertension  (blood  pressure  >  140/90  mmHg),  (3) 
chronic  illness  (pulmonary  disease,  thyroid  disorder,  renal  disease,  or  liver 
disease),  (4)  diabetes,  (5)  pain/discomfort  that  may  be  due  to  myocardial 
ischemia,  (6)  pregnant,  (7)  cognitive  impairments  interfering  with  decision¬ 
making,  consent,  or  other  study  requirements,  (8)  do  not  meet  BMI  category 
requirements,  (9)  taking  antidepressant  medication,  (10)  allergy  to  adhesive/tape 
needed  for  impedance  measurement,  (11)  inability  to  travel  to  study  location  in 
Bethesda,  MD,  and  (12)  other  physical  illness  that  precludes  participation  in 
research  or  the  tasks  involved  for  this  study  (i.e.,  arthritis  or  injury).  Participants 
who  completed  both  the  mental  stress  and  exercise  portions  of  the  study  had 
these  additional  exclusion  criteria:  (1)  not  sufficiently  healthy  for  physical  activity 
based  on  PAR-Q  or  physician’s  assessment  (including  dizziness,  syncope, 
dyspnea,  fatigue,  palpitations,  tachycardia,  chest  pain,  heart  murmur,  edema, 
musculoskeletal  problems),  (2)  claustrophobia.  If  an  individual  fulfilled  the 
screening  requirements,  then  they  were  invited  to  participate  in  the  study 
assuming  eligibility  was  met  at  the  research  visit  (i.e.,  self-reported  weight/height 
similar  to  laboratory  tested  values). 
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Procedure 


A  timeline  of  the  study  is  presented  in  Figure  5.  At  the  beginning  of  the 
research  visit,  thorough  informed  consent  was  obtained.  Measurements  of 
height,  weight,  and  body  composition  were  taken.  Weight  was  obtained  on  a 
standard  scale  and  height  measured  with  a  standard  ruler,  in  order  to  calculate 
body  mass  index.  Waist-hip  ratio  was  assessed  using  a  measuring  tape  to 
determine  the  circumference  of  the  hips  at  the  widest  part  of  the  buttocks  and  the 
waist  at  the  smaller  circumference  of  the  natural  waist,  usually  just  above  the 
belly  button.  To  calculate  the  ratio,  the  waist  measurement  was  divided  by  the  hip 
measurement.  Body  fat  percentage  was  estimated  at  the  beginning  of  the  study 
by  bioelectric  impedance  (Bl).  Bioelectric  impedance  involved  placing  electrodes 
on  the  right  hand  and  foot  and  then  passing  a  small  current  through  the 
participant,  to  obtain  resistance  of  the  signal  through  the  body.  If  the  participant’s 
height  and  weight  measurements  were  considerably  different  from  what  was 
reported  during  the  phone  screening,  then  they  were  placed  into  a  different  BMI 
category  group,  if  appropriate.  Next,  two  baseline  blood  pressure  measurements 
were  taken  and  averaged.  If  the  resulting  blood  pressure  was  greater  than 
140/90,  then  the  participant  was  excluded  from  the  study  (based  on  exclusion 
criteria)  and  paid  $10  (as  described  above). 

Next,  the  primary  researcher  (S.H.)  placed  the  electrodes  for  the 
impedance  cardiography  on  the  participant,  along  with  a  blood  pressure  cuff 
generally  on  the  participant’s  left  arm  (unless  there  was  difficulty  obtaining 
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measurements  and  the  cuff  needed  to  be  moved  to  the  right  arm).  All  blood 
pressure,  heart  rate,  and  impedance  cardiography  readings  were  taken  by  the 
primary  researcher  throughout  the  study.  In  addition,  an  in-dwelling  20-gauge 
catheter  was  placed  in  the  participant’s  arm  (generally  the  right  arm  unless  there 
were  difficulties)  by  a  qualified  phlebotomist.  During  the  study,  blood  was 
withdrawn  from  the  catheter  into  tubes  by  the  primary  researcher.  If  a  participant 
experienced  pain,  swelling,  or  redness  at  the  site  of  the  catheter,  these  problems 
were  generally  solved  by  removing  the  catheter.  Alternate  latex-free  products 
were  used  throughout  the  study,  in  case  a  participant  had  an  allergy  to  latex. 
However,  participants  with  an  allergy  to  adhesive/tape  were  determined  during 
the  screening  and  excluded  from  the  study  due  to  the  lack  of  alternate  products. 

At  baseline  and  in  between  each  task,  participants  were  required  to  drink 
water  equivalent  to  0.1 7%  of  their  body  weight.  For  a  person  who  weighs  70  kg 
(1 54  lbs),  the  volume  would  be  ~1 20ml  or  about  0.5  cups.  For  a  50  kg  person 
(1 1 0  lbs)  the  volume  would  be  ~85ml  or  a  bit  more  than  1  /3  of  a  cup.  This 
procedure  was  used  to  prevent  dehydration.  A  thirty  minute  rest  period  followed 
during  which  time  the  participant  were  asked  to  sit  alone  quietly  without  falling 
asleep.  During  the  first  rest  period,  participants  filled  out  a  packet  of 
questionnaires  including  demographics.  The  questionnaire  data  are  beyond  the 
scope  of  this  dissertation  and  are  not  reported  here  or  discussed  further.  A 
selection  of  popular  magazines  was  available  to  participants  during  each  of  the 
rest  periods.  The  participant  was  informed  that  blood  pressure  and  heart  rate 
readings  would  be  taken  every  4  minutes  throughout  the  rest  period  starting  at 
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the  15'^  minute.  At  the  conclusion  of  the  rest  period,  10mL  of  blood  was 
withdrawn  from  the  catheter  and  placed  into  tubes  containing  EDTA  (an 
anticoagulant).  This  blood  draw  was  the  baseline  for  the  first  mental  stress  task. 

The  participant  was  then  given  instructions  for  the  first  mental  stress  task 
set.  The  order  of  tasks  was  established  randomly  using  a  pre-determined 
computer  generated  list  for  each  BMI  group.  At  the  end  of  the  first  mental  stress 
task,  10mL  of  blood  was  withdrawn  from  the  catheter  and  placed  into  tubes 
containing  EDTA.  In  addition,  a  series  of  Likert  scales  assessing  mood  were 
completed.  Afterwards,  participants  sat  quietly  again  for  another  30  minute  rest 
period.  Blood  pressure  and  heart  rate  measurements  were  taken  every  4  minutes 
during  rest  starting  at  the  1 minute  and  1 0mL  of  blood  was  withdrawn  at  the 
conclusion  of  the  rest  period  as  the  baseline  blood  draw  for  the  second  mental 
stress  task.  The  participant  then  completed  the  second  mental  stress  task,  either 
cognitive/emotional  or  psychomotor  stress.  At  the  end  of  the  second  mental 
stress  task,  10mL  of  blood  was  withdrawn  from  the  catheter  and  placed  into 
tubes  containing  EDTA,  the  Likert  mood  ratings  were  completed  again,  and  the 
impedance  cardiography  electrodes  were  removed. 

Mental  Stress  Tasks 

The  cognitive/emotional  stress  included  a  combined  battery  of  mental 
arithmetic  and  anger  recall  tasks  with  mental  arithmetic  always  conducted  first 
and  each  task  conducted  for  5  minutes.  Both  tasks  were  included  in  order  to 
reduce  practice  effects  or  burn  out  from  conducting  either  task  alone,  while 
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lengthening  the  stressor  to  10  minutes.  This  amount  of  time  was  estimated  to  be 
more  comparable  to  the  length  of  the  exercise  stress  test,  which  would  be 
compared  to  the  mental  stressors.  During  mental  arithmetic,  a  second  researcher 
asked  the  participants  to  listen  to  the  instructions  for  that  task,  which  were  pre¬ 
recorded  and  played  back  on  a  portable  compact  disc  player.  The  instructions 
were  to  count  backward  by  serial  sevens  starting  with  a  four  digit  number  and  to 
do  so  as  quickly  and  accurately  as  possible.  A  second  researcher  provided  mild 
harassment  during  the  task,  such  as  correcting  the  participant  when  they  make 
an  error  and  prompting  the  participant  to  go  faster.  A  pre-recorded  metronome 
sound  was  played  during  completion  of  this  task.  The  primary  researcher  did  not 
participate  in  this  task,  but  was  present  to  ensure  cardiovascular  measurements 
recorded  properly.  Immediately  after  completion  of  the  mental  arithmetic  task, 
and  without  an  intervening  rest  period,  participants  were  given  instructions  for  the 
anger  recall  task  by  the  primary  researcher.  Participants  were  asked  to  give  a 
speech  recalling  a  recent  anger-provoking  incident  and  discuss  the 
circumstances  of  the  incident  with  the  primary  researcher.  During  these  mental 
stress  tasks,  blood  pressure  and  heart  rate  measurements  were  taken. 

For  the  psychomotor  task,  participants  completed  a  frustrating  mirror  trace 
task  twice,  once  with  their  dominant  hand  and  once  with  their  non-dominant 
hand.  If  the  catheter  presented  too  much  discomfort,  participants  completed  the 
mirror  task  twice  with  the  same  hand.  The  participant  was  instructed  to  trace  the 
outline  of  a  star  in  an  apparatus  (BRS/LVE,  Beltsville,  MD)  that  recorded  the 
number  of  errors  made  (i.e.,  participant  moved  the  stylus  outside  the  defined 
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outline).  In  addition,  the  apparatus  only  allowed  the  participant  to  watch  their 
movements  through  their  reflection  in  a  mirror.  The  mirror  trace  task  was 
conducted  for  5  minutes  with  each  hand,  during  which  blood  pressure  and  heart 
rate  measurements  will  be  taken. 

Exercise  Task 

During  the  third  30-minute  rest  period,  the  primary  researcher  placed  the 
electrodes  for  a  12-lead  electrocardiogram  (EGG)  and  the  Polar  heart  monitor  for 
heart  rate.  In  addition,  participants  underwent  a  physician’s  assessment  to 
determine  whether  the  individual  was  healthy  enough  to  engage  in  moderate 
physical  activity.  This  evaluation  supplemented  the  health  information  self- 
reported  by  participants  during  the  telephone  screening,  including  the  Physical 
Activity  Readiness  questions  (PAR-Q)  in  order  to  triangulate  on  the  risk  exercise 
posed  to  each  participant.  If  the  physician’s  clinical  judgment  was  that  the 
participant  should  not  exercise,  then  the  study  would  have  been  stopped  and  the 
participant  would  be  compensated  for  their  time.  However,  all  participants  eligible 
for  the  exercise  portion  of  the  study,  were  deemed  healthy  and  able  to  complete 
the  exercise  task.  At  the  25'^  minute  of  the  rest  period  two  blood  pressure  and 
heart  rate  readings  were  taken  to  be  used  as  the  baseline  measures  for  exercise. 
After  the  rest  period,  1 0mL  of  blood  were  withdrawn  from  the  catheter  as  a 
baseline  measure  for  exercise.  The  primary  and  secondary  researchers  then 
assisted  the  participant  in  putting  on  the  face  mask,  used  to  measure  lung 
function,  just  prior  to  beginning  the  exercise  challenge.  If  a  participant  reported 
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feeling  claustrophobic  from  wearing  the  face  mask,  then  the  exercise  test  would 
be  terminated,  although  no  participants  reported  this  feeling  during  the  study. 

Participants  underwent  a  maximal  incremental  treadmill  test  to  volitional 
exhaustion  to  document  their  maximal  aerobic  capacity  V02max  and  challenge 
the  hypothalamic-pituitary-adrenal  (HPA)  axis.  In  brief,  this  test  involved  a  5  min 
warm-up  (3.0  mph,  2%  slope  grade),  followed  by  walking/running  on  a  treadmill 
(Quinton  ST-65,  Quinton  Instrument  Co.,  Seattle,  WA)  at  3  to  7  mph  (depending 
on  each  participant’s  heart  rate  4  minutes  into  the  warm-up)  at  increasing  slope 
grades  (-i-2.5%)  every  two  minutes  until  the  subject  can  go  no  further 
(approximately  20  minutes),  followed  by  a  cool-down  period  to  safely  return  the 
participant  to  a  normal  heart  rate.  This  test  was  a  modification  of  the  protocol 
described  by  Kyle  et  al.  (125),  which  involves  a  slightly  different  warm-up 
procedure. 

Ten  mL  of  blood  was  obtained  before,  5  mL  immediately  after  the  final 
stage,  and  5mL  15  min  after  exercise.  Subjects  were  instrumented  with 
electrodes  (Stressvue,  Philips,  Netherlands)  and  Polar  heart  monitor  for 
continuous  monitoring  of  heart  rate  and  EGG  and  were  instrumented  with  a  face 
mask  for  measuring  oxygen  uptake,  carbon  dioxide  production,  and  respiratory 
exchange  ratio  by  open  circuit  spirometry  (Qxycon  Mobile,  VIASYS  Healthcare 
Inc.).  With  open  circuit  spirometry,  the  participant  wears  a  mask  that  allows  them 
to  breathe  in  ambient  air  and  the  exhaled  air  exits  through  a  gas  meter  to  be 
measured  and  analyzed  (126).  During  this  exercise  challenge,  participants  were 
monitored  by  a  physician  and  a  researcher  stood  by  them  as  a  spotter  to  ensure 
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they  do  not  slip  and  fall.  The  exercise  was  stopped  when  the  participant 
requested  (volitional  exhaustion).  Participants  completed  the  mood  Likert  scales 
immediately  before  and  immediately  after  the  exercise  challenge.  In  addition,  two 
blood  pressure  and  heart  rate  measurements  were  taken  immediately  after  the 
participant  completed  the  treadmill  test  and  returned  to  a  seated  position. 

Post-Stress 

After  completion  of  all  mental  stress  tasks  and  the  exercise  test  (when 
conducted),  the  in-dwelling  catheter,  electrodes,  and  blood  pressure  cuff  were 
removed.  The  researcher  debriefed  the  participants  about  the  objectives  of  the 
study,  explained  why  they  were  hassled  during  the  mental  arithmetic  task, 
answered  any  questions  the  participant  had,  and  collected  information  to 
compensate  the  participant.  After  making  sure  the  participant  was  feeling  well, 
the  individual’s  participation  was  complete  and  participants  received 
compensation  by  mail. 

Measures 

a)  Screening  Questionnaire 

In  order  to  qualify  to  participate  in  this  study,  potential  candidates  were 
screened  over  the  phone  using  this  questionnaire  (Appendix)  to  assess  for 
inclusion  and  exclusion  criteria.  This  measure  included  a  brief  medical  history 
portion  about  conditions  such  as  diabetes,  cardiovascular  disease,  hypertension, 
cognitive  impairments,  and  other  physical  illnesses  that  could  interfere  in 
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participation.  In  addition,  potential  participants  self-reported  their  age,  weight, 
and  height  to  determine  eligibility. 

b)  Demographics 

Variables  measured  include:  age,  sex,  ethnicity,  years  of  education, 
marital  status,  living  arrangements,  and  smoking  status.  Participants  completed 
this  questionnaire  at  the  beginning  of  the  study  and  the  information  was  used  in 
analyses  where  appropriate  or  necessary. 

c)  Body  Mass  Index 

Participants  had  their  height  and  weight  measured  with  a  standard  scale 
and  measuring  device  at  the  beginning  of  the  study  to  confirm  BMI  eligibility. 
Body  mass  index  (BMI)  is  defined  as  weight  in  kilograms  divided  by  height  in 
meters  squared  (kg/m^).  Both  the  Center  for  Disease  Control  and  the  World 
Health  Organization  classify  a  BMI>30  kg/m^  as  obese,  25<BMI<30  kg/m^  as 
overweight,  and  18.5<BMI<25  kg/m^  as  the  normal  range  (102,  103).  Although 
distribution  of  fat  may  be  a  more  accurate  measure  or  risk  stratification,  BMI  was 
used  as  the  primary  variable  in  this  study  for  group  classification  purposes 
because  it  has  been  used  in  previous  research  on  the  natriuretic  peptide 
handicap  and  it  is  a  standardized  and  effective  way  to  categorize  participants, 
especially  during  a  telephone  screening.  However,  during  the  study, 
measurements  of  waist  circumference,  waist-to-hip  ratio,  fat  free  mass,  and  body 
fat  percentage  were  collected  to  use  in  exploratory  analyses.  Magnetic 
resonance  imaging  (127)  and  computed  tomography  (128)  can  provide  accurate 
assessment  of  abdominal  fat,  although  these  techniques  are  not  practical  for 
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routine  use  in  research  or  clinical  practice.  Waist  circumference  and  waist-to-hip 
ratio  measurement  of  abdominal  fat  correlates  with  these  advanced  measures 
and  can  be  useful  as  a  marker  of  abdominal  obesity  (108).  Bioelectric  impedance 
was  also  used  to  obtain  measures  of  fat  free  mass  (total  mass  minus  fat)  and 
body  fat  percentage  (weight  of  fat  mass  divided  by  body  weight)  using  standard 
equations  from  NHANES  III  (129). 

d)  Blood  Pressure  &  Heart  Rate 

Systolic  blood  pressure  (SBP),  diastolic  blood  pressure  (DBP),  and  heart 
rate  (HR)  were  assessed  throughout  the  study  as  measures  of  hemodynamic 
baseline  and  reactivity  levels.  A  Critikon  Dinamap  automated  BP  monitor  and  cuff 
were  used  to  take  measures  of  blood  pressure  and  heart  rate.  During  the  rest 
periods,  BP  and  HR  were  measured  every  4  minutes,  starting  at  the  IS*'^  minute. 
Baseline  measures  of  BP  and  HR  were  calculated  as  the  mean  of  the 
measurements  taken  during  the  rest  period.  BP  and  HR  were  captured  at  30 
seconds,  1  minute  30  seconds,  and  2  minutes  30  seconds  during  each  5-minute 
mental  stress  task.  Mean  BP  and  HR  of  each  task  were  used  for  mental  stress 
measures.  Change  from  baseline  to  mean  mental  stress  levels  were  used  to 
evaluate  hemodynamic  reactivity  to  each  task.  This  method  directly  utilized  the 
raw  data  and  has  been  described  as  comparable  in  reliability  and  outcome  with 
other  approaches  to  calculating  reactivity  scores  (130,  131). 

e)  Impedance  Cardiography  (CO  &  TPR) 

Impedance  cardiography  is  a  non-invasive  measure  of  resistance  to 
transmission  of  a  small  electrical  current  throughout  the  body  (132).  This 
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technique  has  been  used  to  examine  cardiovascular  responses  in  clinical  and 
laboratory  settings  (133).  The  impedance  cardiography  technique  utilizes  a  pair 
of  electrodes  that  introduce  a  small  electrical  current  to  the  skin  and  another  pair 
of  electrodes  that  receive  information  on  resistance.  These  electrodes  are  placed 
on  the  neck  and  chest  in  order  to  pass  the  small  electrical  current  across  the 
chest  (134).  Hemodynamic  measures  are  either  directly  recorded  by  the 
impedance  device  or  indirectly  calculated  through  validated  algorithms  based  on 
the  data  that  is  collected  (132).  Changes  in  impedance  allow  for  calculation  of 
stroke  volume  with  either  Kubicek’s  equation  (135)  or  the  equation  derived  by 
Sramek  (136).  Cardiac  output  and  total  peripheral  resistance  can  then  be  derived 
using  stroke  volume,  ventricular  ejection  time,  and  mean  arterial  pressure  (134). 
In  the  present  study,  using  the  Kubicek  equation  (135),  the  dependent  variables 
of  cardiac  output  and  total  peripheral  resistance  were  calculated  via  algorithms 
integrated  into  the  impedance  device  after  input  of  blood  pressure  data. 

Although  the  “gold  standard”  in  CO  &  TPR  measurement  is  considered  to 
be  with  a  pulmonary  artery  catheter  method,  that  technique  is  invasive  and  safety 
concerns  have  been  raised  (137).  Certainly,  the  risks  associated  with  using 
pulmonary  artery  catheters  outweighed  the  benefits  for  use  in  the  present 
observational  research  study.  Fortunately,  the  non-invasive  technique  of 
impedance  cardiography  has  been  shown  to  be  a  safe  and  reliable  alternative  to 
invasive  measures  (133). 

f)  B-Type  Natriuretic  Peptide 
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Each  blood  sample  was  collected  in  tubes  containing  EDTA,  spun  within  1 
hour  of  collection,  and  frozen  at  -70T.  Samples  were  analyzed  for  BNP  at  the 
University  of  Maryland  Medical  Center.  Frozen  samples  were  thawed  in  a  room 
temperature  water  bath,  vortexed  to  mix,  and  then  spun  cold  at  5C  for  10  minutes 
at  28000rpm  to  remove  particulate  matter.  The  resulting  plasma  was  used  to  test 
BNP  on  the  Beckman  Access  2  instrument  with  the  Triage  BNP  test.  All  samples 
were  de-identified  and  blinded  to  groups  and  tasks  for  the  laboratory  personnel. 

BNP  was  assessed  via  fluorescence  immunoassay  for  the  quantitative 
determination  of  BNP  in  whole  blood  and  plasma  specimens  in  which  EDTA  is 
the  anticoagulant.  After  addition  of  a  blood  sample  to  the  sample  port  of  the  test 
device,  the  red  blood  cells  are  separated  from  the  plasma  via  a  filter.  A 
predetermined  quantity  of  plasma  moves  by  capillary  action  into  a  reaction 
chamber  and  is  allowed  to  react  with  fluorescent  antibody  conjugates  within  the 
reaction  chamber  to  form  a  reaction  mixture.  After  an  incubation  period,  the 
reaction  mixture  flows  through  the  device  detection  lane.  Complexes  of  the 
analyte  and  fluorescent  antibody  conjugates  are  captured  on  discrete  zones  in 
the  detection  lane.  Excess  plasma  sample  washes  the  unbound  fluorescent 
antibody  conjugates  from  the  detection  lane  into  a  waste  reservoir.  The 
concentration  of  the  analyte  in  the  specimen  is  proportional  to  the  fluorescence 
bound  to  the  detection  lane. 

g)  Mood  Ratings 

Participants  scored  their  baseline  and  post-stress  emotions  on  a  7-point 
Likert  scale  (Appendix).  The  questionnaire  asked  how  the  participant  was  feeling 
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“right  now”  on  each  of  the  7  emotions,  which  included  “anxious,  frustrated, 
irritated,  tired,  challenged,  tense,  sad,  interested,  and  angry.” 

Statistical  Analyses  and  Power  Calculations 

Demographic  comparisons  between  the  weight  groups  utilize  ANOVAs  for 
continuous  variables  and  logistic  regression  for  dichotomous  variables. 
Hypothesis-specific  analyses  were  conducted  as  follows: 

Hypothesis  1(a):  Mental  stress  will  be  associated  with  a  significant 
increase  in  hemodynamic  parameters  (HR,  SBP,  DBP)  for  both  types  of  stress. 

Analyses:  For  both  mental  stress  tasks,  paired  samples  f  tests  were 
conducted  on  each  hemodynamic  reactivity  measure  (HR,  SBP,  DBP,  CO,  TPR) 
and  BNP  to  assess  change  from  baseline  to  mean  stress  level,  after  exploring 
the  overall  main  effects  and  interactions  with  two-way  within-subjects  repeated 
measures  ANOVAs  (time  x  task). 

Power  calculation:  A  power  analysis  (138)  was  conducted  to  determine 
the  sample  size  necessary  for  this  hypothesis  based  on  previous  research  into 
hemodynamic  responses  to  mental  stress  (65)  with  effect  size  indexes  of 
dz=0.65-1 .48.  The  smallest  of  these  effect  sizes  required  21  participants  to  detect 
within-group  differences  using  alpha=0.05  and  80%  power. 

Hypothesis  Kb)  and  (c):  Mirror  trace  mental  stress  task  will  not  increase 
cardiac  output,  but  will  increase  total  peripheral  resistance.  Cognitive/emotional 
mental  stress  tasks  will  increase  cardiac  output. 
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Analyses-.  Two-way  (time  x  task)  repeated  measures  ANOVAs  were 
conducted  to  assess  CO  and  TPR  reactivity  to  the  mental  stressors  and  examine 
whether  reactivity  differed  by  mental  stress  task  (cognitive/emotional  versus 
mirror  trace). 

Power  calculation:  A  power  analysis  (138)  was  conducted  to  determine 
the  sample  size  necessary  for  these  hypotheses  based  on  previous  research  (65, 
1 1 3)  with  effect  size  indexes  of  dz=0.76-1 .03.  The  smallest  of  these  effect  sizes 
requires  16  participants  to  detect  within-group  differences  using  alpha=0.05  and 
80%  power. 

Hypothesis  1(d):  Mental  stress  and  exercise  tasks  will  be  associated  with 
significant  increases  in  BNP,  with  similar  BNP  reactivity  between  mental 
stressors  and  exercise  and  greater  BNP  increase  with  the  mirror  trace  task  as 
compared  to  the  cognitive/emotional  tasks. 

Analyses:  Two-way  (time  x  task)  repeated  measures  ANOVAs  were 
conducted  to  determine  whether  BNP  increased  significantly  in  response  to  the 
stressors  and  if  there  were  task  differences  in  BNP  responses. 

Power  calculation:  A  power  analysis  (138)  was  conducted  to  determine 
the  sample  size  necessary  for  this  hypothesis  based  on  previous  research  into 
BNP  response  to  exercise  (97)  with  an  effect  size  index  of  dz=0.48.  This  effect 
size  requires  36  participants  to  detect  within  group  differences  using  alpha=0.05 
and  80%  power. 

Hypothesis  11(a):  Greater  obesity  will  be  associated  with  greater  TPR  and 
reduced  CO  responses  to  both  mental  stress  tasks. 
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Analyses-.  Three-way  (time  x  task  x  weight  groups)  repeated  measures 
ANOVAs  were  conducted  to  examine  if  the  change  in  CO  and  TPR  differs  by 
weight  group.  Mental  stress  tasks  were  also  analyzed  separately  as  the  patterns 
of  change  for  each  task  were  expected  to  differ  regardless  of  weight  group. 

Power  calculation:  A  power  analysis  (138)  was  conducted  to  determine 
the  sample  size  necessary  for  this  hypothesis  based  on  previous  research 
correlating  TPR  and  CO  responses  to  body  fat  (106)  with  effect  sizes  of  r=0.49- 
0.63.  The  smallest  of  these  effect  sizes  requires  27  participants  to  detect 
between-group  differences  using  alpha=0.05  and  80%  power. 

Hypothesis  11(b):  Greater  obesity  will  be  associated  with  similar  or  greater 
BNP  responses  to  the  mental  stress  tasks.  A  secondary  hypothesis  is  that 
greater  obesity  will  be  associated  with  lower  baseline  levels  of  BNP. 

Analyses:  Three-way  (time  x  task  x  weight  group)  repeated  measures 
ANOVAs  also  were  conducted  to  compare  BNP  responses  between  weight 
groups  on  the  mental  stress  tasks.  Weight  groups  were  compared  on  baseline 
dependent  variables  using  one-way  ANOVAs  for  continuous  measures  and 
logistic  regression  for  dichotomous  measures. 

Power  calculation:  A  power  analysis  (138)  was  conducted  to  determine 
the  sample  size  necessary  for  the  main  hypothesis  using  an  effect  size  of  d=0.99, 
obtained  from  previous  research  on  exercise-induced  ANP  response  in  obese 
women  (139),  which  was  the  only  available  study  with  relevant  results  for  sample 
size  estimation.  This  effect  size  requires  10  participants  to  detect  a  within  group 
difference  in  the  obese  group  using  alpha=0.05  and  80%  power.  It  is  unclear  how 
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many  participants  are  required  to  detect  a  between-groups  difference,  but 
perhaps  tripling  the  participants  from  the  obese  data  could  be  sufficient,  for  a 
total  of  30  participants  (10  in  each  weight  group). 

A  separate  power  analysis  (138)  was  conducted  for  the  secondary 
analysis.  Based  on  previous  research  (8,  140),  the  sample  size  required  for  the 
associated  effect  sizes  (d=0. 34-0.41)  would  be  between  190  and  272  total 
participants,  which  is  not  feasible  for  the  present  study.  A  study  conducted  in 
heart  failure  patients  did  find  a  strong  effect  (d=4.39)  for  significantly  lower  BNP 
levels  in  obese  versus  lean  individuals  (141).  Because  this  finding  was  with  heart 
failure  patients,  it  was  unclear  whether  this  robust  result  would  replicate  in  a  non- 
CHF  sample.  Therefore,  this  hypothesis  was  explored  as  a  secondary  analysis 
because  it  was  unlikely  that  this  study  would  be  adequately  powered  to  detect  a 
significant  difference  in  a  healthy  sample. 
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Results 


Sample  Characteristics 

Of  the  36  participants  consented  for  this  study,  three  were  excluded 
because  of  hypertensive  baseline  blood  pressure  readings  (BP  >  140/90). 
Therefore,  the  total  N  for  this  sample  was  33,  including  18  in  the  normal  weight 
group,  5  in  the  overweight  group,  and  10  in  the  obese  group.  The  sample 
characteristics  by  weight  groups  are  presented  in  Table  2.  As  expected,  BMI  was 
significantly  higher  in  the  overweight  and  obese  groups  than  in  the  normal  weight 
group,  as  well  as  being  significantly  higher  in  the  obese  versus  overweight 
groups  (F2, 30=1 01 .54,  p<0.002).  Although  the  weight  groups  were  comparable  in 
age  and  years  of  education,  the  obese  group  consisted  of  significantly  more 
African  Americans  than  the  normal  weight  group  (OR=8.13,  p<0.04)  and  the 
overweight  group  consisted  of  significantly  fewer  females  than  the  normal  weight 
or  obese  groups  (OR=0.07,  p<0.05  &  OR=0.06,  p<0.05,  respectively).  In 
addition,  the  obese  group  had  significantly  higher  baseline  SBP  (F2,3o=4.77, 
p<0.02)  and  marginally  higher  DBP  (F2,3o=3.19,  p=0.055)  as  compared  to  the 
normal  weight  group.  Although  a  few  more  individuals  completed  the  mirror  task 
(n=18)  before  the  math/speech  task  (n=15),  there  were  no  significant  differences 
in  physiological  measure  changes  between  these  two  groups. 

Sample  size  for  this  study  was  estimated  using  power  calculations  based 
on  effect  sizes  from  previous  research.  Analyses  were  also  conducted  after  data 
collection  to  determine  the  effect  sizes  found  for  each  hypothesis  and  the  power 
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observed  in  this  study.  The  data  from  these  effect  size  and  power  calculations 
can  be  found  in  Table  3. 

Specific  Aim  1 

Specific  Aim  1  concerned  the  effects  of  two  acute  laboratory  mental 
stressors  (cognitive/emotional  vs.  psychomotor)  on  hemodynamic  reactivity 
patterns  and  B-type  natriuretic  peptide  responses.  The  hypothesis  for  this  aim 
was  divided  into  four  parts:  (a)  mental  stress  will  be  associated  with  a  significant 
increases  in  hemodynamic  parameters  (HR,  SBP,  DBP)  for  both  tasks;  (b)  the 
mirror  trace  task  will  not  increase  cardiac  output,  but  will  increase  total  peripheral 
resistance;  (c)  the  cognitive/emotional  tasks  will  increase  cardiac  output;  (d)  the 
mental  stress  and  exercise  tasks  will  be  associated  with  significant  increases  in 
BNP,  with  similar  BNP  reactivity  between  mental  stressors  and  exercise  and 
greater  BNP  increase  with  the  mirror  trace  task  as  compared  to  the 
cognitive/emotional  tasks. 

Hypothesis  1 

(a)  The  first  part  of  Hypothesis  1  dealt  with  mental  stress  hemodynamic 
reactivity.  Results  of  paired-samples  f  tests  indicated  that  SBP,  DBP,  and  HR 
significantly  increased  in  response  to  both  the  cognitive/emotional  tasks  and  the 
mirror  task  as  expected.  CO  was  significantly  increased  in  response  to  the 
cognitive/emotional  tasks  and  significantly  decreased  in  response  to  the  mirror 
task.  TPR  showed  no  change  in  response  to  the  cognitive/emotional  tasks,  but 
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significantly  increased  in  response  to  the  mirror  task.  Mean  responses  to  the 
tasks  (stress-rest),  f  values,  and  p  levels  for  these  variables  can  be  found  in 
Table  4.  For  both  the  cognitive/emotional  and  mirror  stressors,  change  in  CO 
was  negatively  correlated  with  change  in  TPR  (r=-0.48,  p<0.006;  r=-0.47, 
p<0.008,  respectively;  see  Figure  6). 

To  assess  whether  the  two  types  of  tasks  were  effective  stressors,  mood 
ratings  completed  immediately  before  and  after  each  task  were  compared.  The 
cognitive/emotional  tasks  significantly  increased  mood  ratings  of  anxious, 
frustrated,  irritated,  challenged,  tense,  and  angry.  The  mirror  task  significantly 
increased  mood  ratings  of  anxious,  frustrated,  irritated,  tired,  challenged,  and 
tense.  These  changes  were  still  significant  after  adjusting  for  the  nine 
comparisons  made  in  each  task  (alpha=0.05/9).  Mood  ratings  that  were 
significantly  increased  for  each  task  were  correlated  with  changes  in  the 
physiological  measures.  For  the  cognitive/emotional  tasks,  irritation  correlated 
with  FIR  and  CO  (r=0.05,  p<0.004  &  r=0.39,  p<0.03),  challenge  correlated  with 
BNP  (r=0.49,  p<0.006),  and  angry  correlated  with  DBP  (r=-0.40,  p<0.03).  For  the 
mirror  task,  tired  correlated  with  SBP  (r=-0.43,  p<0.02)  and  frustration  correlated 
with  DBP  (r=-0.43,  p<0.02). 

(b)  &  (c)  These  hypotheses  involve  the  comparisons  of  hemodynamic 
responses  to  the  two  types  of  mental  stress.  Comparisons  of  CO  and  TPR 
responses  to  the  mental  stress  tasks  were  analyzed  via  two-way  repeated 
measures  ANOVAs.  Mental  stress  reactivity  of  CO  showed  a  significant 
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interaction  of  time  and  task  (Fi,3i=51 .51 ,  p<0.001 ),  such  that  the 
cognitive/emotional  tasks  showed  a  greater  increase  in  CO  as  compared  to  the 
mirror  task  (Figure  7).  Similarly,  mental  stress  TPR  reactivity  showed  a  significant 
interaction  of  time  and  task  (Fi, 31=22. 59,  p<0.001),  with  a  greater  increase  in 
TPR  produced  by  the  mirror  task  versus  the  cognitive/emotional  tasks  (Figure  8). 
When  comparing  the  tasks  on  hemodynamic  responses,  interactions  of  time  and 
task  were  found  for  SBP  and  DBP,  with  the  cognitive/emotional  tasks  increasing 
SBP  somewhat  more  than  the  mirror  task  (F ,32=3.35,  p=0.077).  The 
cognitive/emotional  tasks  also  increased  DBP  significantly  more  than  the  mirror 
task  (Fi ,32=6.60,  p<0.02).  A  summary  of  the  repeated  measures  ANOVAs  for 
these  five  cardiovascular  measures  can  be  found  in  Table  5. 

(d)  This  hypothesis  involves  BNP  reactivity  to  mental  stress  tasks  and 
exercise.  BNP  values  in  young,  healthy  individuals  are  relatively  low  and 
therefore  do  not  follow  a  normal  distribution  (Figure  9).  Due  to  the  high  degree  of 
positive  skewness  on  the  BNP  values  in  this  sample  (Skewness 
coefficients=1 .61-2.00,  S.E.skew=0.41),  analyses  of  BNP  were  conducted  on 
natural  log  transformations  of  the  data.  Other  investigators  who  have  researched 
BNP  levels  in  healthy  individuals  have  also  transformed  the  data  in  a  similar 
fashion  (142). 

Raw  values  and  natural  log  transformed  values  for  BNP  at  each  time  point 
are  displayed  in  Table  6.  BNP  increased  significantly  in  response  to  both  mental 
stressors  (Cog:  f3i=-3.24,  p<0.004;  Mirror:  f3i=-2.50,  p<0.02)  and  exercise  {t7=- 
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15.52,  p<0.001).  The  percent  increase  in  log  BNP  from  resting  levels  was 
approximately  3-21%  with  mental  stress  and  38%  with  exercise.  A  comparison  of 
BNP  responses  to  all  three  tasks  showed  a  significant  interaction  of  time  and 
task  (F2, 14=1 55.66,  p<0.001)  with  BNP  increasing  significantly  more  in  response 
to  exercise  as  compared  to  the  mental  stressors  (Figure  10).  In  addition,  BNP 
measured  15  minutes  after  exercise  was  analyzed  in  comparison  to  baseline  for 
exercise,  peak  exercise,  and  mental  stress  tasks.  Although  BNP  decreased 
significantly  from  peak  exercise  to  15  minutes  post  exercise  (Fi ,7=332.28, 
p<0.001),  it  remained  significantly  higher  than  at  exercise  baseline  (Fi, 7=39. 34, 
p<0.001).  The  comparison  of  BNP  responses  to  the  mental  stress  tasks  and  15- 
min  post-exercise  found  an  interaction  of  time  and  task  (F2, 14=1 7.97,  p<0.001) 
with  BNP  remaining  significantly  increased  15  minutes  after  exercise  as 
compared  to  the  increase  in  either  mental  stress  task. 

There  was  no  significant  interaction  of  time  and  task  when  comparing  BNP 
responses  to  the  two  mental  stress  tasks  only  (Fi,3o=0.48,  p=0.50).  In  addition, 
no  difference  was  found  between  BNP  levels  for  the  first  and  second  rest  periods 
(f3o=-0.23,  p=0.82)  indicating  that  BNP  returned  to  baseline  by  the  second  rest 
measure,  which  occurred  30  minutes  after  the  first  stressor. 

BNP  in  Relation  to  Age  and  Sex 

Previous  research  has  shown  that  BNP  varies  with  both  age  and  sex  (142- 
144).  Therefore,  age  and  sex  were  assessed  to  determine  if  either  was  related  to 
BNP  in  the  present  sample.  There  was  no  association  of  age  (either  continuous 
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or  categorical)  with  BNP  values  in  this  sample,  perhaps  due  to  the  restricted  age 
range  included  in  this  study.  In  contrast,  sex  was  related  to  BNP  levels  at  all  4 
mental  stress  time  points,  such  that  females  had  higher  levels  of  BNP  than  males 
(p’s<0.03).  BNP  levels  were  higher  in  females  than  males  before  and  after 
exercise,  however  these  analyses  were  not  significant  due  to  reduced  sample 
size  for  the  exercise  task  (N=8)  and  subsequent  lack  of  power  for  these 
analyses.  Therefore,  BNP  responses  to  all  three  tasks  were  reanalyzed  using 
sex  as  a  between-subjects  factor.  For  both  mental  stress  tasks  (Cog:  Fi, 30=6. 53, 
p<0.03;  Mirror:  Fi ,30=6.02,  p<0.03)  and  exercise  (F ,6=31 9.91 ,  p<0.001)  there 
remained  a  significant  increase  in  BNP.  In  addition,  there  was  a  significant 
interaction  of  time  and  sex  for  BNP  response  to  the  cognitive/emotional  tasks 
(/"1  ,30=5.00,  p<0.04)  with  females  increasing  more  from  pre  to  post-task  than 
males  (Figure  11).  The  comparison  of  BNP  responses  to  all  three  tasks  found  an 
interaction  between  time  and  task  (F2,i2=1 66.70,  p<0.001)  such  that  exercise 
increased  BNP  significantly  more  than  the  mental  stress  tasks.  The  interaction  of 
time,  task  (3  levels),  and  sex  on  BNP  was  not  significant  (F2,i2=1 .73,  p=0.22).  As 
with  the  analysis  of  peak  exercise  response,  there  was  no  interaction  of  time, 
task,  and  sex  (F2,i2=1 .45,  p=0.27)  for  15-min  post-exercise,  although  the 
interaction  of  time  and  task  remained  significant  (F2,i2=18.77,  p<0.001). 

Examining  BNP  responses  to  the  two  mental  stress  tasks  by  sex  revealed 
that  the  interaction  of  time  and  task  remained  non-significant  (F ,29=0.30, 
p=0.59),  but  there  was  a  three-way  interaction  of  time,  task,  and  sex  (F,29=13.85, 
p<0.002).  For  females,  BNP  increased  more  with  the  cognitive/emotional  tasks 
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than  the  mirror  task,  but  for  males,  BNP  increased  more  for  the  mirror  task  than 
the  cognitive/emotional  tasks  (Figure  12). 

Correlations  Among  BNP,  CO,  and  TPR 

Although  the  hypotheses  did  not  explicitly  address  possible  associations 
between  the  changes  in  hemodynamic  measures  and  BNP,  it  was  thought  that 
the  mirror  trace  task  would  increase  TPR  more  than  the  cognitive/emotional 
tasks  and  that  would  in  turn  be  related  to  a  greater  increase  in  BNP.  Correlations 
were  conducted  to  determine  if  such  as  association  existed.  There  were  no 
significant  correlations  between  the  changes  in  CO,  TPR,  and  BNP  in  response 
to  either  task.  However,  there  were  positive  correlations  between  BNP  and  CO 
levels  at  stress  for  the  cognitive/emotional  and  mirror  tasks  (r=0.48,  p<0.007  & 
r=0.37,  p<0.04  respectively).  These  correlations  were  also  examined  by  sex 
because  of  sex  differences  for  these  variables.  The  relationship  of  BNP  and  CO 
levels  at  stress  remained  significant  in  females  for  the  cognitive/emotional  tasks 
(r=0.44,  p<0.05),  but  not  for  males  nor  in  either  sex  for  the  mirror  task. 

Specific  Aim  2 

Specific  Aim  2  was  to  assess  the  relationship  of  obesity  to  baseline  and 
mental  stress  reactivity  of  hemodynamic  measures  and  BNP.  The  hypothesis  for 
this  aim  was  divided  into  two  main  parts:  (a)  greater  obesity  will  be  associated 
with  greater  TPR  and  reduced  CO  responses  to  both  mental  stressors;  (b) 
greater  obesity  will  be  associated  with  similar  or  greater  BNP  responses  to  the 
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mental  stress  tasks  and  greater  obesity  will  be  associated  with  lower  baseline 
levels  of  BNP. 

Hypothesis  2 

(a)  The  first  hypothesis  for  this  aim  dealt  with  hemodynamic  reactivity 
differences  across  the  weight  groups.  Results  indicated  that  the  three  weight 
groups  increased  similarly  in  heart  rate  and  blood  pressure  to  the 
cognitive/emotional  tasks.  For  the  mirror  task,  there  was  a  significant  interaction 
of  time  and  weight  group  for  DBP  (F2,3o=3.49,  p<0.05)  and  HR  (F2,3o=5.39, 
p<0.02).  For  both  measures,  the  normal  weight  group  increased  significantly 
more  than  the  obese  group  (p<0.02,  p<0.003).  Resting  values  of  DBP  were  also 
significantly  higher  in  the  obese  and  overweight  group  than  the  normal  weight 
group  for  the  cognitive/emotional  task  rest  period  (F2,3o=5.37,  p<0.02)  and  higher 
in  the  obese  group  than  the  normal  group  for  the  mirror  task  rest  period 
(F2, 30=6.06,  p<0.007).  There  were  no  significant  differences  between  the  weight 
groups  on  resting  values  of  SBP  or  HR. 

Significant  differences  between  the  weight  groups  were  found  for  CO  and 
TPR  values  at  rest  and  at  stress  for  both  mental  stressors  (Tables  7  &  8).  Due  to 
the  inconsistent  evidence  surrounding  the  validity  of  absolute  values  of  stroke 
volume  and  CO  from  impedance  cardiography,  particularly  with  overweight 
individuals  (145-148),  the  focus  of  these  analyses  will  remain  on  change  of  CO 
and  TPR  from  rest  to  stress.  For  CO  and  TPR,  the  effect  of  time  for  both  mental 
stressors  was  not  changed  by  the  addition  of  weight  groups  as  a  between- 
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subjects  factor.  All  three  weight  groups  had  similar  increases  in  CO  to  both 
stressors.  TPR  response  to  the  cognitive/emotional  tasks  did  show  a  marginally 
significant  interaction  between  time  and  weight  group  (F2,29=3.16,  p=0.058).  The 
obese  group  showed  a  TPR  decrease  in  response  to  the  cognitive/emotional  task 
whereas  the  other  two  weight  groups  showed  no  change  or  a  slight  increase  in 
TPR  (Figure  13).  The  addition  of  weight  groups  to  the  ANOVA  equation  also  did 
not  affect  the  relationship  of  time  and  task  for  CO  or  TPR.  Although  there  was  a 
marginally  significant  three-way  interaction  of  time,  task,  and  weight  group  for 
TPR  (F2, 29=2.73,  p=0.08),  in  which  the  differences  in  TPR  response  to  the 
cognitive/emotional  tasks  described  above  are  emphasized  (Figure  14).  Within 
each  weight  group,  the  interaction  of  time  and  task  on  TPR  was  significant. 

Other  Body  Composition  Measures 

Exploratory  analyses  were  conducted  to  examine  the  relationship  of  other 
body  composition  measures  (waist  circumference,  waist  to  hip  ratio,  fat  free 
mass,  and  body  fat  percentage)  to  CO  &  TPR  as  compared  with  BMI  and  BMI- 
derived  weight  groups.  Among  the  continuous  body  composition  measures, 
including  BMI,  waist  to  hip  ratio  (WHR)  was  the  only  index  to  show  a  significant 
relationship  with  CO  and  TPR  changes  to  mental  stressors.  WHR  was  negatively 
correlated  with  change  in  CO  in  response  to  the  cognitive/emotional  tasks  (r=- 
0.39,  p<0.03)  and  positively  correlated  with  change  in  TPR  in  response  to  the 
mirror  task  (r=0.48,  p<0.006).  There  were  no  significant  relationships  of  WHR 
with  CO  change  to  the  mirror  task  or  TPR  to  the  cognitive/emotional  task. 
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Because  the  ideal  WHR  is  smaller  in  females  versus  males,  these  analyses  were 
re-run  separately  for  males  and  females  to  reduce  any  bias  from  sex.  For  males, 
WHR  was  negatively  correlated  with  change  in  TPR  in  response  to  the 
cognitive/emotional  tasks  (r=-0.77,  p<0.02)  and  positively  correlated  with  change 
in  TPR  in  response  to  the  mirror  task  (r=0.70,  p<0.04).  For  females,  WHR  was 
positively  correlated  with  change  in  TPR  to  both  type  of  stress 
(Cognitive/Emotional:  r=0.43,  p<0.04;  Mirror:  r=0.43,  p<0.04).  The  correlations  of 
WHR  and  CO  responses  to  both  stressors  were  no  longer  significant  for  either 
sex,  although  for  females  there  was  a  negative  correlation  of  WHR  with  CO 
change  to  the  cognitive/emotional  tasks  that  approached  significance  (r=-0.38, 
p=0.07). 

(b)  The  second  part  of  Hypothesis  2  involved  the  role  of  obesity  with 
respect  to  BNP.  Results  indicated  that  there  were  no  significant  differences 
between  the  weight  groups  on  rest  or  stress  levels  of  BNP.  After  addition  of 
weight  groups  as  a  between-subjects  factor,  the  BNP  increase  in  response  to 
both  mental  stressors  remained  significant,  but  there  were  no  differences  by 
weight  groups. 

The  comparison  of  BNP  responses  to  the  two  mental  stress  tasks  by 
weight  groups  found  a  significant  interaction  between  time,  task,  and  weight 
group  (F2, 28=3.44,  p<0.05).  This  result  was  driven  by  the  relationship  of  BNP 
responses  between  the  tasks  in  the  overweight  group,  which  showed  a  decrease 
in  BNP  to  the  cognitive/emotional  tasks  and  an  increase  in  BNP  to  the  mirror  task 
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(Figure  15).  In  comparison,  the  normal  weight  group  and  obese  group  had  an 
increase  in  BNP  to  both  mental  stressors  with  a  somewhat  greater  increase  to 
the  cognitive/emotional  tasks  versus  the  mirror  task  (although  not  significant). 

The  exercise  task  was  not  included  in  these  analyses  because  almost  all  of  those 
who  completed  all  three  tasks  were  in  the  normal  weight  group. 

Because  of  the  relationship  of  sex  and  BNP  levels,  the  previous  analysis 
was  also  repeated  with  both  weight  groups  and  sex  as  between-subjects  factors. 
The  analysis  revealed  that  the  interaction  of  time,  task,  and  weight  groups  was 
no  longer  significant  (F2,25=1  -12,  p=0.34),  but  the  interaction  of  time,  task,  and 
sex  remained  significant  (F ,25=4.95,  p<0.04).  Therefore,  this  three-way 
interaction  of  time,  task,  and  sex  was  likely  due  to  the  fact  that  there  are  sex 
differences  in  BNP  responses  to  the  two  tasks  and  that  the  overweight  group  was 
predominantly  male. 

Other  Body  Composition  Measures  and  BNP 

Correlations  were  conducted  to  determine  if  other  body  composition 
measures,  apart  from  weight  groups  based  on  BMI,  were  related  to  BNP.  Waist 
to  hip  ratio  was  found  to  be  negatively  correlated  with  rest  and  stress  levels  of 
BNP  and  body  fat  percentage  was  found  to  be  positively  correlated  with  rest  and 
stress  levels  of  BNP  (Table  9).  However,  both  of  these  body  composition 
measures  differ  by  sex  in  the  general  population  and  in  this  sample,  such  that 
females  have  lower  waist  to  hip  ratios  (^27.5=4-1 7,  p<0.001)  and  higher  body  fat 
percentages  (f3i=-3.69,  p<0.002). 
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Separate  analyses  were  conducted  to  examine  the  relationship  of  BNP 
with  WHR  and  body  fat  percentage  for  males  and  females.  For  males,  there  were 
no  significant  associations.  For  females,  WFIR  remained  negatively  correlated 
with  BNP  at  rest  before  both  tasks  (Cognitive/Emotional  Rest;  r=-0.41 ,  p=0.056; 
Mirror  Rest:  r=-0.43,  p<0.05),  but  body  fat  percentage  was  not  significantly 
correlated  with  any  BNP  measures.  In  addition,  females  showed  a  relationship 
between  change  in  BNP  in  response  to  the  mirror  task  and  WHR  that 
approached  significance  (r=0.37,  p=0.088),  but  males  did  not. 

Natriuretic  Handicap  and  Obesity 

Lastly,  to  evaluate  the  secondary  hypothesis  that  obese  individuals  would 
have  a  “natriuretic  peptide  handicap,”  the  weight  groups  were  compared  on  BNP 
from  the  first  blood  draw  regardless  of  which  task  they  completed  first.  There 
were  no  significant  differences  between  the  weight  groups  on  baseline  BNP 
(F2,3o=1  -01 ,  p=0.38)  as  well  as  no  significant  correlation  between  BMI  and 
baseline  BNP  (r=0.17,  p=0.36).  There  were  no  sex  differences  in  the  relationship 
of  weight  group  to  baseline  BNP.  It  should  be  noted  that  the  weight  group 
comparison  on  baseline  BNP  was  found  to  be  underpowered  (1-p=21%),  as 
expected. 

Based  on  the  findings  described  above  for  WHR,  body  fat  percentage,  and 
BNP,  these  body  composition  measures  were  also  evaluated  with  baseline  BNP. 
There  was  a  negative  correlation  with  baseline  BNP  for  WHR  (r=-0.48,  p<0.006) 
and  a  positive  correlation  for  body  fat  percentage  (r=0.36,  p<0.05).  These 
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associations  were  again  calculated  separately  for  males  and  females  for  the 
reasons  stated  earlier.  The  association  of  baseline  BNP  with  body  fat  percentage 
was  no  longer  significant  for  either  males  or  females.  The  correlation  of  baseline 
BNP  and  WHR  remained  significant  for  females  (r=-0.44,  p<0.04),  but  not  for 
males  (r=0.09,  p=0.80). 
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Discussion 


Summary  of  Results 

Cardiovascular  Responses.  Results  from  this  study  confirm  that 
laboratory  mental  stressors  produce  significant  cardiovascular  responses  in  a 
young  healthy  sample.  Blood  pressure  and  heart  rate  increased  significantly  to 
both  stressors.  The  expected  task-specific  response  patterns  were  found,  such 
that  the  cognitive/emotional  tasks  elicited  a  strong  cardiac  output  response  and 
the  mirror  trace  task  showed  a  strong  total  peripheral  resistance  increase.  A 
comparison  of  the  tasks  on  hemodynamic  parameters  demonstrated  that  the 
cognitive/emotional  tasks  increased  cardiac  output,  SBP,  and  DBP  more  than  the 
mirror  task.  Conversely,  total  peripheral  resistance  was  increased  more  with  the 
mirror  task  as  compared  to  the  cognitive/emotional  tasks.  Heart  rate  increased 
similarly  for  both  stressors. 

BNP.  As  predicted,  BNP  increased  significantly  in  response  to  each  of  the 
three  tasks  (cognitive/emotional  stress,  mirror  stress,  and  exercise).  However, 
the  increase  in  BNP  with  exercise  was  markedly  larger  as  compared  with  the 
mental  stressors.  The  size  of  log  BNP  increase  with  mental  stress  was 
approximately  3-21%  versus  38%  increase  with  exercise.  Even  BNP  collected  15 
minutes  after  exercise  showed  a  greater  increase  from  baseline  in  comparison  to 
the  mental  stress  tasks.  Therefore,  the  hypothesis  that  the  mental  stressors 
would  produce  similar  BNP  reactivity  to  exercise  was  not  confirmed.  Also 
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contrary  to  the  hypotheses,  there  was  no  difference  in  BNP  reactivity  when 
comparing  the  two  mental  stressors. 

Weight  Groups.  These  results  did  not  confirm  the  weight  group  patterns 
of  CO  and  TPR  from  most  of  the  previous  literature  (7,  11 3,  11 5).  In  fact,  there 
was  a  difference  in  TPR  responses  to  the  two  tasks  by  weight  group  that 
approached  significance,  but  was  in  the  opposite  direction  as  predicted.  The 
obese  group  decreased  in  TPR  in  response  to  the  cognitive/emotional  tasks  and 
had  a  similar  TPR  response  to  the  mirror  task  as  compared  to  the  other  weight 
groups  (Figure  14). 

Mental  stress  response  of  BNP  was  similar  across  the  three  weight 
groups,  as  predicted.  Secondary  analyses  of  baseline  BNP  values  across  BMI- 
derived  weight  groups  were  unable  to  demonstrate  a  natriuretic  peptide 
handicap,  as  found  in  previous  reports  (8,  119).  BMI  as  a  continuous  variable 
was  also  not  related  to  baseline  BNP  levels.  As  predicted,  there  was  insufficient 
power  in  the  present  study  to  address  this  issue  across  weight  groups. 

Reactivity  of  BNP  to  Mental  Stress 

HR  increased  similarly  to  the  cognitive/emotional  and  mirror  tasks, 
although  CO  increased  with  the  cognitive/emotional  tasks  and  decreased  with 
the  mirror  task.  Therefore,  it  follows  that  the  differences  in  CO  reactivity  would 
have  to  be  the  result  of  stroke  volume  (SV)  changes,  given  that  CO=HR  x  SV. 
Additional  analyses  showed  that  SV  increased  significantly  to  the 
cognitive/emotional  tasks  and  decreased  significantly  to  the  mirror  task.  It  was 
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hypothesized  that  the  mirror  task  would  produce  a  greater  increase  in  BNP  than 
the  cognitive/emotional  tasks,  given  the  differences  in  TPR  response  to  these 
two  stressors.  Despite  the  hypothesized  pathway,  it  appears  that  the  difference  in 
SV  reactivity,  and  subsequently  CO,  was  just  as  crucial  as  TPR  reactivity  in  BNP 
responses  to  the  mental  stress  tasks. 

Physiologic  Mechanisms  of  BNP  Increases.  Given  the  differences  in 
hemodynamic  reactivity,  the  physiological  mechanisms  that  led  to  an  increase  in 
BNP  during  mental  stress  in  this  study  appear  to  be  different  for  the 
cognitive/emotional  and  psychomotor  types  of  mental  stress.  For  the  mirror  trace 
task,  an  increase  in  afterload  most  likely  produced  the  increased  wall  tension  that 
led  to  BNP  release.  Afterload  has  been  described  by  Norton  as  “all  of  the  factors 
that  contribute  to  total  myocardial  wall  stress  (or  tension)  during  systolic  ejection” 
(3).  The  Law  of  LaPlace  states  that  wall  stress  is  equal  to  ventricular  pressure 
times  ventricular  radius  divided  by  wall  thickness.  Circumstances  that  increase 
left  ventricular  output  impedance  (i.e.,  hypertension,  increased  TPR,  aortic 
stenosis,  etc.)  will  necessitate  greater  systolic  ventricular  pressure  (3). 

Afterload  is  increased  in  response  to  an  increase  in  arterial  pressure  and 
TPR,  as  seen  in  Figure  4  (149),  both  of  which  were  found  in  response  to  the 
mirror  task  in  this  study.  Applying  the  Law  of  LaPlace  to  the  mirror  task  in  this 
study,  we  can  assume  that  wall  thickness  remained  constant,  whereas 
ventricular  pressure  increased  via  changes  in  TPR.  Therefore,  the  increase  in 
afterload  led  to  greater  wall  stress  and  BNP  release.  A  decrease  in  SV  was  also 
seen  for  the  mirror  task,  which  can  result  from  increased  afterload.  It  is  unclear  if 
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there  was  an  effect  of  preload  during  the  mirror  task  because  SV  was  reduced.  It 
is  possible  that  even  if  there  was  an  increase  in  preload  with  the  mirror  task,  it 
may  have  been  secondary  to  a  stronger  increase  in  afterload. 

The  increase  in  BNP  found  for  the  cognitive/emotional  tasks  might  reflect 
a  more  complex  physiological  pathway  involving  the  effects  of  sympathetic 
nervous  system  activation  and  catecholamines.  Sympathetic  arousal  is  indicated 
from  previous  research  showing  that  catecholamines  (i.e.,  epinephrine  and 
norepinephrine)  are  increased  in  response  to  cognitive  types  of  mental  stressors, 
such  as  a  mental  arithmetic  challenge  (87,  150-152).  Infusion  of  epinephrine 
results  in  increased  HR,  SBP,  CO,  and  SV  as  well  as  a  decrease  in  systemic 
vascular  resistance  (153).  This  hemodynamic  pattern  was  found  for  the 
cognitive/emotional  tasks  in  the  present  study.  The  fact  that  this  pattern  was  not 
seen  for  the  mirror  task  in  this  study  may  be  related  to  evidence  that  the 
sympathoadrenomedullary  system  and  catecholamine  response  appears  to  be 
more  active  during  cognitive/emotional  versus  mirror  stressors  (154). 

The  effects  of  catecholamines  can  create  a  combination  of  increased 
preload  and  increased  contractility  (inotropy),  both  of  which  increase  SV  and  CO 
(Figure  16).  Specifically,  circulating  catecholamines  decrease  venous  compliance 
and  increase  central  venous  pressure,  which  can  increase  preload.  The  Frank- 
Starling  mechanism,  generated  by  the  increase  in  preload,  allows  the  heart  to 
eject  the  additional  venous  return  through  greater  contraction  force  (155).  If 
afterload  is  held  constant,  the  increase  in  preload  results  in  increased  SV  in  order 
to  handle  the  excess  venous  return  (156).  Additionally,  ventricular  contractility 
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(inotropy)  can  change  the  contraction  force  at  a  given  preload  and  afterload 
condition  (13).  Lastly,  there  is  evidence  that  enhanced  sympathetic  tone,  as  seen 
with  mental  stressors,  can  increase  BNP  directly  without  a  concomitant  increase 
in  wall  stress  (157).  Catecholamines  are  released  in  response  to  sympathetic 
activation  and  have  been  shown  to  induce  BNP  increases  in  rats  (158).  In  this 
study,  the  infusion  of  catecholamines  from  mental  stress  activation  in  the 
cognitive  and  emotional  tasks  may  have  led  to  increased  BNP  both  directly  and 
indirectly,  via  increased  inotropy  and  preload  (Figure  16). 

The  results  of  this  study  suggest  that  the  mirror  task  had  more  of  an  effect 
on  afterload  whereas  the  cognitive/emotional  tasks  had  more  of  an  effect 
sympathetic  activation  and  perhaps  preload.  Although  working  through  different 
physiological  mechanisms,  both  mental  stress  tasks  were  able  to  bring  about 
similar  increases  in  BNP. 

Sex  Differences  in  BNP 

The  present  study  did  not  find  a  significant  effect  of  age  on  BNP  that  has 
been  found  by  other  investigators  (142-144),  although  the  age  range  was  limited 
in  this  study  as  compared  to  the  previous  literature.  Other  investigators  have 
examined  ranges  from  -20-80  years  of  age  whereas  the  age  range  for  the 
present  analyses  was  20-40  years.  One  other  study  did  find  that  although  N-ANP 
and  N-BNP  varied  with  age,  BNP  did  not  (144).  The  age  range  for  that  study  was 
also  narrow  as  compared  to  the  literature  supporting  the  association  of  age  and 
BNP  levels.  Consistent  with  previous  reports,  females  were  found  to  have 


65 


significantly  higher  BNP  than  males  at  all  time  points  in  this  study.  Additionally, 
for  females  BNP  increased  significantly  more  to  the  cognitive/emotional  tasks 
whereas  for  males  BNP  increased  significantly  more  to  the  mirror  task.  This 
relationship  of  time,  task,  and  sex  may  explain  why  no  differences  in  BNP 
response  were  found  between  the  mental  stress  tasks  as  predicted  in  the 
hypotheses. 

One  theory  explaining  why  females  have  been  shown  to  have  higher 
levels  of  BNP  focuses  on  the  role  of  estrogen  and  other  sex  hormones.  Female 
sex  hormones  have  been  shown  to  promote  natriuretic  peptide  gene  expression 
(159)  and  hormone  replacement  therapy  (HRT)  has  been  associated  with  higher 
BNP  levels  (143).  In  addition,  lower  plasma  renin  levels  have  been  found  for 
females  versus  males  and  HRT  is  associated  with  even  lower  renin  levels  (160). 
This  finding  is  consistent  with  the  fact  that  BNP  is  renin-inhibiting  and  an 
antagonist  for  the  renin-angiotensin-aldosterone  system  (23).  Therefore,  the 
evidence  is  in  support  of  sex  hormones  as  a  crucial  factor  in  explaining  the 
significant  sex  difference  in  BNP. 

Hemodynamic  Stress  Responses  in  Relation  to  Obesity 

One  previous  study  (106)  also  found  an  inverse  relationship  of  BMI  with 
CO  and  TPR  to  a  cognitive  task  seen  in  the  present  study.  However,  those 
investigators  did  find  the  expected  correlations  of  TPR  and  CO  with  WHR,  which 
was  similar  to  the  BMI-based  weight  group  relationships  described  in  other 
studies  (7,  1 1 3,  1 1 5).  It  should  be  noted  that  the  arterial  catheter  method  was 
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used  to  obtain  CO  and  TPR  during  that  study  (106),  which  is  considered  the 
“gold  standard”  measurement.  Other  studies  that  have  found  BMI-based  weight 
group  relationships  with  CO  and  TPR  reactivity  have  utilized  the  impedance 
cardiography  method.  Given  this  mixed  literature,  exploratory  analyses  with  body 
composition  measures  other  than  BMI  or  BMI-derived  weight  groups  were 
conducted.  The  present  study  also  found  significant  correlations  of  WHR  with 
TPR  and  CO  that  were  similar  to  the  patterns  seen  in  weight  group  comparison 
studies.  These  findings  in  the  present  study  were  obtained  using  impedance 
cardiography,  but  reproduce  the  results  from  a  study  using  arterial 
catheterization. 

Sex  differences  in  WHR  ranges  could  affect  these  results,  so  the  data 
were  analyzed  separately  for  males  and  females.  There  were  sex-specific 
relationships,  such  that  females  showed  positive  correlations  of  WHR  with  TPR 
for  both  tasks,  whereas  males  showed  a  positive  correlation  of  WHR  with  TPR 
for  the  mirror  task,  but  a  negative  correlation  of  WHR  with  TPR  for  the 
cognitive/emotional  tasks.  Additionally,  the  WHR  to  CO  response  correlations 
were  no  longer  significant  for  either  sex.  This  finding  of  opposite  associations  for 
males  and  females  appears  to  explain  why  the  overall  correlation  of  WHR  and 
TPR  response  to  the  cognitive/emotional  tasks  was  not  significant. 

WHR  vs.  BMI.  Measures  of  abdominal  adiposity,  such  as  WHR,  provide 
additional  or  even  greater  health  risk  information  as  compared  to  overall  obesity 
or  BMI  (161 ,  162).  In  addition,  greater  cardiovascular  stress  reactivity  has  been 
suggested  for  individuals  with  greater  central  adiposity.  One  study  found  greater 
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TPR  and  DBP  increase  to  a  cognitive  stressor  in  women  with  central  adiposity 
and  greater  CO  increase  in  women  with  peripheral  adiposity  (i.e.,  lower  WHR) 
(163).  In  that  same  study,  BMI  was  not  found  to  be  associated  with 
cardiovascular  responses  to  the  stressors  (163),  suggesting  that  the  predictive 
value  of  central  adiposity  and  measures  such  as  WHR  are  greater  than  that  of 
BMI.  Evidence  from  investigations  of  WHR  and  cardiovascular  reactivity  to 
mental  stress  implicates  exaggerated  vasoconstriction  as  the  physiological 
mechanism  to  explain  the  difference  in  reactivity  patterns  with  various  measures 
of  obesity  and  adiposity.  The  positive  correlation  of  WHR  and  TPR  response  to 
both  stressors  for  women  in  our  study  also  indicates  a  pattern  of  vasoconstriction 
in  response  to  various  types  of  psychological  stress  with  greater  abdominal 
adiposity,  but  not  greater  BMI.  Repeated  stress  reactions  such  as  these  may  play 
a  role  in  the  greater  cardiovascular  disease  risk  associated  with  increased  WHR. 
The  results  from  this  study  corroborate  that  WHR  may  be  a  greater  predictor  of 
unhealthy  cardiovascular  reactivity  patterns  and  cardiovascular  disease  risk  as 
compared  with  BMI.  However,  these  particular  relationships  may  be  most 
prominent  among  women. 

Adipose  tissue  distribution  is  a  possible  explanation  of  sex  differences 
found  for  how  WHR  related  to  CO  and  TPR  reactivity.  Visceral  adipose  tissue 
(AT)  has  been  shown  to  have  greater  negative  consequences  as  compared  to 
subcutaneous  AT  (164).  Visceral  fat  accumulation  has  been  implicated  in  the 
development  of  cardiovascular  disease  and  hypertension  (165)  and  is 
accompanied  by  elevated  blood  pressure  and  negative  cholesterol  profiles  (166). 
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Men  have  been  shown  to  have  greater  amounts  of  visceral  AT  and  less 
subcutaneous  AT  compared  with  females  (167-169).  Given  the  sex  differences  in 
visceral  versus  subcutaneous  AT  and  the  negative  health  effects  of  visceral  AT,  it 
would  follow  that  the  relationship  of  WHR  to  cardiovascular  reactivity  should  be 
more  unfavorable  in  men.  However,  in  the  present  study  the  association  of  WHR 
with  reactivity  was  worse  for  women.  It  is  possible  that  the  mere  fact  that  women 
have  been  shown  to  have  greater  adiposity  as  compared  to  men  (170)  may  be 
sufficient  to  produce  sex  differences  in  reactivity  patterns  as  opposed  to  specific 
types  of  adipose  tissue.  Or  perhaps  females  in  the  present  study,  who  were  more 
represented  in  the  obese  group,  in  fact  had  greater  visceral  AT  than  males.  The 
measure  of  WHR  is  not  able  to  distinguish  between  visceral  and  subcutaneous 
AT  in  the  abdomen,  so  the  role  of  adipose  tissue  distribution  remains  unclear. 

Reactivity  of  BNP  in  Relation  to  Obesity 

For  this  study,  the  research  model  purports  that  the  natriuretic  peptide 
handicap  found  for  obese  individuals  at  rest  is  not  a  consequence  of  BNP 
production/secretion  dysfunction,  but  rather  due  to  adipose  tissue  receptor 
concentration  increasing  BNP  clearance.  Therefore,  the  finding  that  the  weight 
groups  were  able  to  demonstrate  similar  BNP  increases  to  mental  stressors 
provides  evidence  that  production  of  BNP  may  not  bring  about  the  natriuretic 
handicap. 

Further  evidence  supporting  the  adipose  tissue  clearance  hypothesis  was 
found  when  WHR  was  compared  to  BNP  at  rest  and  in  response  to  mental  stress 
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in  this  study.  Because  of  the  sex  differences  in  both  BNP  and  WHR,  the  focus 
will  remain  on  the  sex-specific  results.  In  particular,  for  females,  higher  WHR  was 
associated  with  lower  baseline  levels  of  BNP,  supporting  a  BNP  handicap  at  rest. 
However,  no  association  of  WHR  and  baseline  BNP  was  found  for  males.  For 
females,  higher  WHR  was  also  associated  with  greater  increase  in  BNP  to  the 
mirror  trace  task,  which  approached  significance.  Regardless  of  the  significance 
of  that  result,  both  males  and  females  did  not  show  a  reduced  BNP  response 
with  higher  WHRs,  which  does  not  support  the  dysfunctional  BNP  production 
theory. 

It  was  unexpected  to  find  evidence  of  a  BNP  handicap  with  the  WHR 
measure,  at  least  in  females,  as  opposed  to  BMI  or  weight  groups.  However,  this 
result  now  appears  fitting  given  that  WHR  is  mainly  determined  by  adipose  tissue 
whereas  BMI  may  not  (106).  It  follows  that  those  with  higher  WHRs  would  have  a 
greater  number  of  natriuretic  peptide  receptors  due  to  their  abundance  in  adipose 
tissue  and  could  clear  greater  amounts  of  BNP  at  rest  as  compared  to  those  with 
lower  WHRs.  It  is  possible  that  in  previous  literature  on  BNP  handicap  with  BMI- 
derived  weight  groups  (8),  WHR  would  have  shown  a  similar  BNP  pattern. 
However,  those  analyses  were  not  conducted,  so  it  is  unclear  if  BMI  or  WHR 
account  for  greater  amounts  of  the  variance  in  resting  BNP,  which  could  provide 
information  on  the  accuracy  of  the  adiposity  theory.  Because  the  present  study 
was  underpowered  to  address  the  BNP  handicap  issue  with  BMI,  the  WHR 
association  found  here  in  females  needs  to  be  replicated  with  a  larger  sample 
powered  to  investigate  various  measures  of  body  composition. 
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Study  Limitations 

Statistical  Power.  Although  many  of  the  hypotheses  of  this  study  were 
confirmed,  there  were  limitations  that  qualified  the  information  gained  from  this 
project.  The  small  sample  size  (N=33)  was  an  important  limitation.  Adequate 
power  was  obtained  for  most  of  the  analyses  in  Hypothesis  1 ,  whereas  many  of 
the  weight  group  specific  analyses  in  Hypothesis  2  were  underpowered  (see 
Table  3).  In  particular,  analyses  that  required  separate  analyses  for  males  and 
females  either  due  to  BNP  or  WHR  sex  differences  may  have  been  limited  by  the 
small  sample  sizes  in  each  cell.  In  particular,  sex  differences  found  in  CO/TPR 
patterns  and  BNP  to  WHR  relationships  may  be  due  to  limited  power  in  the  male 
group  (N=10  versus  N=23).  Additionally,  the  overweight  group  consisted  of  only  5 
individuals,  which  reduced  the  power  of  weight  group  analyses.  It  should  be 
noted  that  collapsing  the  overweight  and  obese  groups  did  not  resolve  this  issue, 
mainly  because  the  pattern  of  results  was  generally  similar  between  the  obese 
and  normal  groups,  but  not  the  overweight  group. 

In  addition,  future  studies  would  benefit  from  having  increased  sample 
size  in  order  to  evaluate  the  role  of  race  on  hemodynamic  and  BNP  reactivity  to 
mental  stress  and  exercise.  Previous  literature  has  shown  that  African-Americans 
exhibit  stronger  peripheral  vascular  responses  to  a  cold  pressor  challenge  (171) 
and  there  are  racial  differences  in  hemodynamic  reactivity  to  mental  stressors 
(1 72,  1 73).  The  data  collected  for  the  present  study  had  cell  sizes  that  were  too 
small  to  detect  any  meaningful  differences,  especially  for  measures  that  needed 
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to  be  controlled  for  by  sex.  It  would  also  be  useful  to  determine  if  any  of  the 
previous  findings  regarding  obesity  and  cardiovascular  reactivity  to  stress  could 
be  moderated  by  race. 

Sample  Limitations.  Another  study  limitation  was  the  fact  that  only  normal 
and  overweight  military  members,  beneficiaries,  and  federal  employees  were 
allowed  to  participate  in  the  exercise  testing.  The  effectiveness  of  the  mental 
stressors  may  have  been  different  between  those  in  the  military  and  those  who 
are  not.  For  example,  it  is  possible  that  military  members,  who  may  be  used  to 
high  levels  of  stress,  are  not  challenged  by  the  tasks  they  were  asked  to  perform. 
It  is  also  possible  that  for  those  in  the  military,  the  anticipation  of  the  task  is  more 
stressful  than  the  task  itself.  When  they  perform  the  task  it  is  not  as  stressful  as 
they  expected  and  may  therefore  decrease  their  responses  as  compared  to 
resting  values.  It  would  be  useful  to  design  a  study  that  could  better  address  the 
saliency  and  effectiveness  of  these  types  of  stressors  in  military  and  civilian 
samples. 

Even  though  the  sample  size  of  participants  who  underwent  exercise 
testing  was  small,  the  effect  size  for  BNP  response  to  exercise  was  strong 
enough  to  show  significance.  However,  it  would  have  been  useful  to  conduct 
exercise  testing  in  all  three  weight  groups  with  adequate  sample  size  to  further 
address  the  BNP  production  versus  reuptake  hypotheses  of  natriuretic  handicap. 
The  much  larger  BNP  response  found  for  exercise  as  compared  to  mental  stress 
may  enhance  the  ability  to  detect  weight  group  differences  in  BNP  response  to 
challenge.  In  addition,  assessing  level  of  fitness  on  all  participants  would  have 
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provided  valuable  information  because  there  is  evidence  that  increased  aerobic 
fitness  is  associated  with  reduced  cardiovascular  reactivity  to  mental  stress  (174, 
175).  This  relationship  could  help  explain  the  differences  in  mental  stress 
reactivity  across  WHR  and  BMI  found  in  the  present  study  and  previous 
literature. 

Lack  of  Other  Blood  Markers.  Lastly,  no  other  blood  measures  (i.e., 
endocrine  markers,  other  natriuretic  peptides,  hematocrit,  etc.)  were  assessed  for 
comparison  with  BNP  and  hemodynamic  responses.  Measurement  of  other 
natriuretic  peptides  (i.e.,  ANP  and  NT-proBNP)  could  provide  a  clearer 
representation  of  how  different  types  of  challenges  stimulate  the  natriuretic 
peptide  system  and  the  consequences  of  each  peptide’s  release.  However,  the 
choice  of  BNP  for  this  study  was  made  purposefully  because  it  was  believed  to 
be  the  most  informative  and  appropriate  for  the  type  of  testing  included  in  the 
study.  BNP  has  a  2-3  times  more  powerful  effect  on  natriuresis  and  BP  lowering 
than  ANP  (176)  and  BNP  has  a  longer  half-life  and  more  stable  release  pattern 
(177).  In  addition,  measurement  of  catecholamines  would  have  allowed 
exploration  of  mechanisms  involved  in  mental  stress-induced  hemodynamic  and 
BNP  reactivity. 

Another  reason  why  it  would  have  been  beneficial  to  assess  other  blood 
measures  involves  the  issue  of  hemoconcentration,  which  is  an  increase  in  the 
concentration  of  cellular  and  other  components  of  the  blood  generally  due  to  a 
reduction  in  plasma  volume  (178).  Biochemical  measures,  including  hormones, 
may  be  affected  by  transcapillary  movement  of  water  (97).  There  is  a  possibility 
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that  increases  in  BNP  in  response  to  the  tasks  conducted  in  the  present  study 
could  be  the  result  of  hemoconcentration  that  has  been  shown  to  occur  with 
mental  stress  (178-180)  and  exercise  (97)  and  may  be  mediated  by 
catecholamines  that  result  in  decreased  plasma  volume  (181).  A  decrease  in 
plasma  volume  in  response  to  the  mental  and  physical  stressors  could  falsely 
indicate  an  increase  in  BNP,  when  in  fact  BNP  remained  relatively  constant,  but 
appeared  increased  due  to  a  change  in  the  ratio  of  BNP  to  the  total  sample. 
However,  there  is  also  some  evidence  that  atrial  natriuretic  peptide  (ANP),  and 
perhaps  natriuretic  peptides  in  general,  reduce  plasma  volume  as  part  of  their 
compensatory  actions  and  to  decrease  volume  overload  (182,  183).  Research  in 
dogs  showed  that  an  infusion  of  BNP  increased  hematocrit,  which  could  be  a 
result  of  hemoconcentration  (184).  In  addition,  one  study  that  controlled  for 
hematocrit  still  found  a  significant  increase  in  BNP  in  response  to  exercise  (97). 
Therefore,  it  appears  unclear  if  hemoconcentration  effects  result  in  the 
appearance  of  BNP  increases  or  if  BNP  increases  result  in  hemoconcentration. 

The  current  study  was  setup  to  address  the  connection  between  a  limited 
set  of  variables  in  response  to  stressors  in  order  to  determine  if  further 
investigation  into  mechanisms  was  warranted.  Future  research  should 
investigate  a  broader  set  of  biological  markers  in  order  to  better  understand  the 
physiological  pathways  involved  in  mental  and  physical  stressors. 

Study  Implications 
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An  implication  from  this  study  is  the  notion  that  WHR  may  be  a  better 
predictor  of  stress  reactivity  and  disease  risk  as  compared  with  BMI.  There  is 
already  evidence  that  WHR  is  associated  with  increased  incidence  of  ischemic 
heart  disease,  stroke,  and  death  (185),  but  the  comparison  of  WHR  with  BMI  has 
found  WHR  to  show  increased  disease  risk  as  compared  with  BMI.  A  study  of 
women  found  that  WHR  was  associated  with  most  of  the  traditional 
cardiovascular  risk  factors,  but  this  association  was  not  found  for  BMI  (186).  In  a 
multinational  study,  WHR  was  shown  to  be  a  better  predictor  of  myocardial 
infarction  than  BMI  (187).  The  Heart  Outcomes  Prevention  Evaluation  (HOPE) 
study  found  that  individuals  with  high  waist  circumference  measurements  had 
greater  risk  of  heart  failure,  myocardial  infarction,  and  total  mortality  (100).  Also, 
women  in  that  study  showed  an  increased  risk  of  heart  failure  with  increasing 
WHR  (100).  The  results  from  the  present  study  are  consistent  with  these 
previous  investigations,  such  that  WHR  was  associated  with  poorer 
hemodynamic  and  BNP  reactivity  as  compared  with  BMI,  especially  in  women.  In 
addition,  WHR  was  related  to  a  natriuretic  peptide  handicap  (lower  baseline 
BNP)  in  this  study.  This  handicap  may  help  explain  the  link  between  WHR  and 
cardiovascular  disease.  Specifically,  lower  levels  of  circulating  BNP  at  rest  may 
result  in  reduced  ability  of  the  cardiovascular  system  to  compensate  to  a  stressor 
in  individuals  with  high  WHR. 

Measures  of  abdominal  adipose  tissue  provide  greater  value  for  risk 
prediction  across  ethnic  groups  (1 88-1 91 )  and  at  older  ages  as  compared  with 
BMI  (192-194).  For  these  reasons,  as  well  as  the  evidence  from  the  present 
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study,  it  appears  that  using  WHR,  in  addition  to  BMI,  could  greatly  increase 
cardiovascular  disease  and  heart  failure  risk  prediction  across  a  diverse 
population. 

BNP  Increases  with  Mental  Stress.  To  our  knowledge,  this  study  is  unique 
in  demonstrating  that  mental  stressors  could  produce  significant  BNP  increases. 
Moreover,  no  other  researchers  have  addressed  mental  stress  reactivity  of  BNP 
in  young,  healthy,  disease-free  individuals. 

To  more  fully  understand  the  effects  of  mental  stress  on  BNP,  future 
research  could  focus  on  various  types  of  stress  (i.e.,  chronic,  severe  acute, 
traumatic,  perceived)  to  determine  which  ones  produce  the  greatest  effects  on 
the  natriuretic  peptide  system.  If  groups  differing  on  BNP  responses  can  be 
identified  (i.e.,  WHR  categories),  then  BNP  reactivity  may  be  useful  in  risk 
stratification.  Higher  resting  natriuretic  peptide  levels  in  non-diseased  individuals 
have  been  shown  to  predict  risk  of  death  and  cardiovascular  events  during 
follow-up  even  after  adjusting  for  traditional  risk  factors  (29).  The  risk  from  BNP 
was  strongest  for  incident  heart  failure,  which  corresponds  physiologically  given 
that  higher  levels  of  BNP  suggest  greater  need  for  homeostasis  in  the 
cardiovascular  system.  For  those  individuals,  the  imbalance/overwork  of  the 
cardiovascular  system  could  eventually  result  in  heart  failure. 

One  possible  reason  for  elevated  BNP  and  incident  heart  failure  could 
result  from  chronic  or  repeated  experience  of  psychological  stress,  which  we  now 
know  can  increase  BNP  due  to  the  need  of  the  cardiovascular  system  to  return  to 
homeostasis.  Excess  amounts  of  preload  and  afterload  resulting  from  daily  life 
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stress  could  result  in  left  ventricular  remodeling  and  dysfunction.  Although  the 
percent  change  of  BNP  to  the  mental  stress  tasks  was  relatively  small  (3-21%), 
there  was  variability  in  response  to  mental  stress.  It  is  possible  that  those  who 
showed  the  strongest  response  to  the  laboratory  mental  stressors  in  this  study 
find  the  stressors  more  salient  or  are  more  prone  to  a  physiological  response  to 
stress.  Therefore,  BNP  reactivity  may  be  useful  for  identifying  healthy  individuals 
who  are  more  cardiovascularly  affected  by  mental  stress  challenges,  such  as 
those  experienced  regularly  in  daily  life.  In  addition,  future  research  addressing 
BNP  reactivity  to  mental  stress  in  heart  failure  patients  would  provide  another 
layer  of  information.  If  BNP  in  heart  failure  patients  increases  50%  or  more  in 
response  to  stressors,  there  would  be  evidence  that  stress  reactivity  of  the 
cardiovascular  and  natriuretic  peptide  systems  could  be  a  clinically  relevant 
indicator  of  decompensation  (23).  Furthermore,  reduction  in  stress  levels  of  heart 
failure  patients,  through  stress  management  techniques,  could  reduce 
hospitalizations  and  increase  quality  of  life. 

Mental  stress-induced  increases  in  BNP  seen  in  this  study  appear  to 
reflect  changes  in  preload  and  afterload,  which  could  indicate  greater  heart 
failure  risk.  Psychological  stress,  along  with  hypertension,  smoking,  and  high 
WHR,  has  been  shown  to  be  a  risk  factor  for  heart  failure  (64).  There  are  various 
definitions  and  types  of  psychological  stress,  which  can  sometimes  be  difficult  to 
quantify.  Having  an  objective  marker  like  BNP  reactivity  could  provide  an  easier 
way  to  quantify  excess  risk  of  future  disease  and  events  associated  with  stress. 
For  example,  exercise-induced  BNP  response  can  increase  the  sensitivity  for 
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detecting  ischemia  (195).  Therefore,  mental  stress-induced  BNP  response  may 
also  provide  increased  sensitivity  for  disease  detection  and  prediction,  especially 
for  heart  failure,  in  healthy  individuals  and  those  with  suspected  heart  disease. 

Summary 

In  sum,  this  study  yielded  three  key  findings:  (1)  Mental  stress  tasks  were 
effective  in  producing  hemodynamic  reactivity,  which  replicated  previous  patterns 
comparing  cognitive/emotional  (math/speech)  versus  psychomotor  (mirror  trace) 
stressors;  (2)  Mental  stress  tasks  increased  BNP,  although  the  increase 
produced  by  exercise  was  greater;  (3)  Lastly,  WHR  was  found  to  be  a  better 
indicator  of  hemodynamic  and  BNP  reactivity  than  BMI  or  weight  groups  derived 
from  BMI,  particularly  in  females.  Mental  stress  reactivity  of  BNP  and  WHR  may 
therefore  be  useful  for  cardiovascular  disease  risk  prediction,  even  in  young, 
healthy,  disease-free  individuals. 
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Table  1.  New  York  Heart  Association  Classification  of  Heart  Failure  (1) 


Class  I 

Class  II 

Class  III 

Class  IV 


No  limitation  of  physical  activity.  Ordinary  physical 
activity  does  not  cause  undue  fatigue,  palpitation, 
dyspnea,  or  anginal  pain. 

Slight  limitation  of  physical  activity.  Comfortable  at 
rest.  Moderate  physical  activity  results  in  fatigue, 
palpitation,  dyspnea,  or  anginal  pain. 

Marked  limitation  of  physical  activity.  Comfortable  at 
rest.  Minimal  activity  causes  fatigue,  palpitation, 
dyspnea,  or  anginal  pain. 

Inability  to  carry  on  any  physical  activity  without 
discomfort.  Symptoms  of  heart  failure  may  be 
present  at  rest.  Discomfort  increased  with  any 
physical  activity. _ 
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Table  2.  Sample  characteristics  by  weight  groups 


N 

Normal  Weight 

Overweight 

Obese 

18 

5 

10 

Age 

27.67  ±4.97 

32.80  ±4.49 

31.10±6.15 

Female  (%) 

14  (78) 

1  (20) * 

8  (80) 

Caucasian  (%) 

13  (72) 

3(60) 

4(40) 

African  American  (%) 

2(11) 

0 

5 (50) * 

Years  of  Education 

17.41  ±2.76 

15.40  ±8.65 

17.40  ±5.04 

Current  Smoker  (%) 

2(11) 

0 

2(20) 

Body  Mass  Index  (kg/m^) 

23.33  ±  1.17 

27.17  ±  1.13  * 

33.68  ±2.86 

Baseline  SBP  (mm  Hg) 

117.11  ±7.37 

123.40  ±  2.97 

125.10  ±7.37  * 

Baseline  DBF  (mm  Hg) 

69.78  ±5.62 

74.40  ±5.86 

75.40  ±6.80* 

Baseline  HR  (bpm) 

67.61  ±  10.18 

67.40  ±5.51 

66.40  ±13.24 

p<0.05  compared  with  Normal  Weight  group 
p<0.05  compared  with  Overweight  group 
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Table  3.  Effect  sizes  and  power  calculations  observed  in  this  study 


Analysis 

n 

Partial  Eta^ 

Power  (%)  “ 

SBP  Reactivity  C/E 

33 

0.70 

100 

Mirr 

33 

0.70 

100 

DBP  Reactivity  C/E 

33 

0.79 

100 

Mirr 

33 

0.68 

100 

HR  Reactivity  C/E 

33 

0.59 

100 

Mirr 

33 

0.73 

100 

CO  Reactivity  C/E 

32 

0.43 

99.7 

Mirr 

32 

0.49 

100 

TPR  Reactivity  C/E 

32 

0.06 

25.5 

Mirr 

32 

0.55 

100 

BNP  Reactivity  C/E 

32 

0.25 

88 

Mirr 

32 

0.17 

67.6 

EX 

8 

0.97 

100 

BNP  Reactivity  x  MS  Tasks 

31 

0.02 

10.3 

BNP  Reactivity  x  All  Tasks 

8 

0.96 

100 

CO  Reactivity  x  Weight  Grps  C/E 

32 

0.10 

30.8 

Mirr 

32 

0.02 

10.1 

TPR  Reactivity  x  Weight  Grps  C/E 

32 

0.18 

56 

Mirr 

32 

0.07 

21.8 

BNP  Reactivity  x  Weight  Grps  C/E 

32 

0.13 

39.1 

Mirr 

32 

0.003 

5.6 

Baseline  BNP  x  Weight  Grps 

33 

0.06 

20.9 

^  All  power  calculations  based  on  a  =  0.05 

Abbreviations:  SBP  =  Systolic  blood  pressure  (mm  Hg);  DBP  =  Diastolic  blood  pressure 
(mm  Hg);  HR  =  Heart  rate  (bpm);  CO  =  Cardiac  output  (L/min);  TPR  =  Total  peripheral 
resistance  (dyn-s-cm'^);  BNP  =  B-Type  Natriuretic  Peptide  (pg/mL);  C/E  = 
Cognitive/Emotional  Tasks;  Mirr  =  Mirror  Task;  EX  =  Exercise  Task;  MS  =  Mental 
stress 
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Table  4.  Mean  responses  (stress-rest)  of  hemodynamic  variables  to  both  types 
of  mental  stress. 


Cognitive/Emotional 

Mirror 

Mean  Change 

t 

P 

Mean  Change 

t 

P 

SBP 

(mm  Hg) 

12.55 

8.68 

<0.001 

9.68 

8.66 

<0.001 

DBP 
(mm  Hg) 

11.69 

10.96 

<0.001 

8.35 

8.27 

<0.001 

HR 

(bpm) 

9.29 

6.80 

<0.001 

8.83 

9.18 

<0.001 

CO 

(L/min) 

1.11 

4.87 

<0.001 

-0.63 

-5.44 

<0.001 

TPR 

(dyn-s-cm'^) 

-91.86 

-1.34 

p=0.19 

425.65 

6.19 

<0.001 
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Table  5.  Results  from  the  2x2  within-subjects  repeated  measures  ANOVAs  for  each  hemodynamic  variable. 


F-ratios 

Time  X  Task 

Cardiovascular 

Measures 

Time 

Task 

Time 

X 

Task 

Cognitive/Emotional 

Mirror 

rjia 

B 

T 

HR  (bpm) 

93.16* 

1.19 

0.11 

62.94 

72.23 

62.39 

71.22 

SBP  (mm  Hg) 

116.91* 

4.31* 

3.35 

116.92 

129.47 

116.68 

126.36 

DBP  (mm  Hg) 

153.12* 

5.01* 

6.60* 

70.93 

82.62 

70.89 

79.24 

CO  (L/min) 

3.15 

45.25* 

51.51* 

5.07 

6.18 

5.25 

4.62 

TPR  (dyn-s-cm'^) 

15.95* 

15.20* 

22.59* 

1564.4 

1472.6 

1485.2 

1910.8 

B  =  Baseline,  T  =  Task 
*  p<0.05 
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Table  6.  Mean  levels  of  BNP  and  log  transformed  BNP  before  and  after  each 
task. 


Cognitive/Emotional 

Mirror 

Exercise 

Pre 

Post 

Pre 

Post 

Pre 

Post 

BNP 

(pg/mL) 

17.81  +  13.37 

19.16  +  13.63 

17.91  +  13.73 

18.78  +  13.68 

16.75  +  10.63 

45.25  +  27.09 

Log  BNP 

2.26  +  0.67 

2.74  +  0.65  ’ 

2.65  +  0.68 

2.73  +0.63'" 

2.67+0.58 

3.68  +  0.53  * 

*  p  <  0.01  compared  with  pre-task  levels 
^  p  <  0.05  compared  with  pre-task  levels 
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Table  7.  Cardiac  output  by  weight  groups 


Cognitive/Emotional 

Mirror 

Rest 

Stress 

Rest 

Stress 

Normal 

5.83  +  1.35 

7.09  +  2.10 

6.05  +  1.57 

5.36  +  1.63 

Overweight 

4.28  +  1.12 

4.46+1.09 

3.91+0.78 

3.50  +  0.86 

Obese 

4.17  +  1.47 

5.49  +  2.34 

4.56+1.60 

3.91  +  1.56 

F(2,29)^ 

5.72 

3.89 

5.56 

4.45 

P 

<0.01 

<0.04 

<0.01 

<0.03 

^  One-way  ANOVAs  comparing  the  three  weight  groups  on  levels  of  cardiac  output 
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Table  8.  Total  peripheral  resistance  by  weight  groups 


Cognitive/Emotional 

Mirror 

Rest 

Stress 

Rest 

Stress 

Normal 

1207.14  +  314.87 

1171.35  +  312.07 

mi  m  ±316.13 

1515.27  +  467.92 

Overweight 

1833.19  +  678.16 

1987.31  +  809.55 

1879.50  +  471.28 

2328.11  +763.36 

Obese 

2037.43  +  988.16 

1727.25  +  746.13 

1811.90  +  734.06 

2374.67  +  1152.58 

F(2,29)^ 

5.66 

5.55 

6.74 

4.63 

P 

<0.01 

<0.01 

<0.01 

<0.02 

^  One-way  ANOVAs  comparing  the  three  weight  groups  on  levels  of  cardiac  output 
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Table  9.  Pearson  correlations  of  WHR  and  body  fat  percentage  to  rest  and 
stress  levels  of  BNP  for  both  types  of  mental  stress 


Cognitive/Emotional 

Mirror 

Rest 

Stress 

Rest 

Stress 

WHR 

r=-0.45,  p<0.02 

r=-0.46,  p<0.01 

r=-0.47,p<0.01 

r=-0.43,  p<0.02 

Body  Fat  % 

r=0.36, /xO.OS 

r=0.43,/)<0.02 

r=0.36, /)<0.05 

r=0.40,  p<0.03 
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Figure  1.  Heart  Failure  Process  (2) 


Further  stress  on  ventricular  wall 
and  dilatation  'remodelling) 

-  worsening  of  ventricular  function 


Decreased  stroke  volume 
and  cardiac  output 


Neurohormonal  response 


Activation  of  renln-angiotertsln- 
aldosterone  system  and 
sympathetic  nervous  system 


Vasoconstnctlon:  ?  sympathetic  tone,  angiotensin  II. 
Endoihellns.  Impralrcd  nitric  oxide  release 
Sodium  and  fluid  retention;  f  vasopressin  and  aldosterone 
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Figure  2.  Research  Model 
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Figure  3.  Preload  Diagram  Indicating  that  Total  Peripheral  Resistance  is  a  Key 
Factor  (3) 
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Figure  4.  Afterload  Diagram  Indicating  that  Total  Peripheral  Resistance  is  a  Key 
Factor  (3) 
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Figure  5.  Timeline  of  Study  Procedures  for  Mental  Stress  Only  (Top)  and  Mental 
Stress  Plus  Exercise  (Bottom) 
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Figure  6.  Relationship  of  CO  (L/min)  Changes  with  TPR  (dyn-s-cm'^)  Changes  to 
the  Cognitive/Emotional  (Top)  and  Mirror  (Bottom)  Tasks 


Figure  7.  Cardiac  Output  (L/min)  Response  to  the  Cognitive/Emotional  Tasks 
(Solid  Line)  and  Mirror  Task  (Dotted  Line) 
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Figure  8.  Total  Peripheral  Resistance  (dyn-s-cm'^)  Response  to  the 
Cognitive/Emotional  Tasks  (Solid  Line)  and  Mirror  Task  (Dotted  Line) 
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Figure  1 1.  Log-transformed  BNP  (pg/mL)  Response  to  the  Cognitive/Emotional 
Mental  Stress  Tasks  Comparing  Females  (Dotted  Line)  to  Males  (Solid  Line) 


3.2 


3.0  - 

2.8  - 


2.6  H 


2.4  - 

2.2  - 

2.0  - 


Pre 


— I — 

Post 


•  O- 


Mala 

Famala 


98 


Figure  12.  Log-transformed  BNP  Response  to  Mental  Stressors  Presented 
Separately  for  Males  (Top)  and  Females  (Bottom) 


Figure  13.  Total  Peripheral  Resistance  (dyn-s-cm'^)  Response  to  the 
Cognitive/Emotional  Mental  Stress  Tasks  for  the  Three  Weight  Groups 


Figure  14.  Total  Peripheral  Resistance  (dyn-s-cm'^)  Response  to  Both  Mental 
Stressors  Presented  Separately  for  the  Three  Weight  Groups 


4990 

4900 

Moujjai  Meiapf 

Q 

41190 

4«0 

4390 

4300 

4S90 

_ 

0 

^jUSl 

4490 

bie 

bO«4 

SiiOO 

OAeLmej3|j( 

o 

5300  " 

S300 

S4Q0 

5000 

4300 

*  Coauiswe 

"  ^jLLOl. 

4800  " 

bssi 

5800 

Opeee 

JifOO  ’ 

0 

ssoo 

SOQO 

\ 

4900 

o  \ 

^  C0§y!i!A® 

^ILiOlv 

4900 

bOS| 

101 


Figure  15.  Log-transformed  BNP  (pg/mL)  Response  to  Both  Mental  Stressors 
Presented  Separately  for  the  Three  Weight  Groups 
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Figure  16.  Physiologic  Pathways  Proposed  as  a  Mechanism  by  Which 
Sympathetic  Activation  During  Cognitive/Emotional  Stress  Increases  Stroke 
Volume  (SV)  and  Cardiac  Output  (CO) 


1  Venous  Compliance 

1 

t  Inotropy 

▼ 

t  Central  Venous  Pressure 

1 

▼ 

t  Preload 

103 


References 


1 .  The  Criteria  Committee  of  the  New  York  Heart  Association:  Nomenclature 
and  Criteria  for  Diagnosis  of  Diseases  of  the  Heart  and  Great  Vessels. 
Boston:  1994. 

2.  Appleton  B:  The  role  of  exercise  training  in  patients  with  chronic  heart 
failure.  BrJNurs.  2004,  73.452-456. 

3.  Norton  JM:  Toward  consistent  definitions  for  preload  and  afterload.  Adv 
Physiol  Educ.  2001 , 25:53-61 . 

4.  Rosamond  W,  Flegal  K,  Friday  G,  et  al.:  Heart  disease  and  stroke 
statistics-2007  update:  a  report  from  the  American  Heart  Association 
Statistics  Committee  and  Stroke  Statistics  Subcommittee.  Circulation. 
2007,  7  75;e69-171. 

5.  Roger  VL,  Weston  SA,  Redfield  MM,  et  al.:  Trends  in  heart  failure 
incidence  and  survival  in  a  community-based  population.  JAMA.  2004, 
292. -344-350. 

6.  Kenchaiah  S,  Evans  JC,  Levy  D,  et  al.:  Obesity  and  the  risk  of  heart 
failure.  A/ Eng/ J  Med.  2002,  347.-305-313. 

7.  Rockstroh  JK,  Schmieder  RE,  Schachinger  H,  Messerli  FH:  Stress 
response  pattern  in  obesity  and  systemic  hypertension.  Am  J  Cardiol. 
1992,  70.1035-1039. 


104 


8.  Wang  TJ,  Larson  MG,  Levy  D,  et  al.:  Impact  of  obesity  on  plasma 
natriuretic  peptide  levels.  Circulation.  2004,  709;594-600. 

9.  Perlman  LV,  Ferguson  S,  Bergum  K,  Isenberg  EL,  Hammarsten  JF: 
Precipitation  of  congestive  heart  failure:  social  and  emotional  factors.  Ann 
Intern  Med.  1971,  75.1  -7. 

10.  Vaccarino  V,  KasI  SV,  Abramson  J,  Krumholz  HM:  Depressive  symptoms 
and  risk  of  functional  decline  and  death  in  patients  with  heart  failure.  J  Am 
Coll  Cardiol.  2001 , 35. 1 99-205. 

1 1 .  Flolmes  SD,  Krantz  DS,  Rogers  FI,  Gottdiener  J,  Contrada  RJ:  Mental 
stress  and  coronary  artery  disease;  a  multidisciplinary  guide.  Prog 
Cardiovasc  Dis.  2006,  491 06-1 22. 

12.  Ferketich  AK,  Schwartzbaum  JA,  Frid  DJ,  Moeschberger  ML:  Depression 
as  an  antecedent  to  heart  disease  among  women  and  men  in  the 
NHANES  I  study.  National  Health  and  Nutrition  Examination  Survey.  Arch 
Intern  Med.  2000,  7601 261  -1 268. 

13.  Dyer  GSM,  Fifer  MA:  Heart  Failure.  In  L.  S.  Lilly  (ed).  Pathophysiology  of 
Heart  Disease:  A  Collaborative  Project  of  Medical  Students  and  Faculty. 
Baltimore:  Lippincott  Williams  &  Wilkins,  2003. 

14.  Vescovo  G,  Ravara  B,  Gobbo  V,  Dalla  Libera  L:  Inflammation  and 
perturbation  of  the  l-carnitine  system  in  heart  failure.  EurJ  Heart  Fail. 
2005,  7.-997-1002. 


105 


15.  Fuchs  M,  Drexler  H:  [Mechanisms  of  inflammation  in  heart  failure].  Herz. 
2004,  29:782-787. 

16.  Kannel  WB:  Epidemiologic  Contributions  to  Preventive  Cardiology  and 
Challenges  for  the  Twenty-First  Century.  In  N.  D.  Wong,  H.  R.  Black  and 
J.  M.  Gardin  (eds).  Preventive  Cardiology.  New  York:  McGraw-Hill,  2000. 

1 7.  Neubauer  S:  The  failing  heart-an  engine  out  of  fuel.  N  Engl  J  Med.  2007, 
356;1 140-1 151. 

18.  Barker  WH,  Mullooly  JP,  Getchell  W:  Changing  incidence  and  survival  for 
heart  failure  in  a  well-defined  older  population,  1 970-1 974  and  1 990-1 994. 
Circulation.  2006,  /  73.799-805. 

19.  Gottdiener  JS,  McClelland  RL,  Marshall  R,  et  al.:  Outcome  of  congestive 
heart  failure  in  elderly  persons:  influence  of  left  ventricular  systolic 
function.  The  Cardiovascular  Health  Study.  Ann  Intern  Med.  2002, 
737.-631-639. 

20.  Remme  WJ:  Overview  of  the  relationship  between  ischemia  and 
congestive  heart  failure.  Clin  Cardiol.  2000,  23.IV4-8. 

21 .  Katz  AM:  Heart  failure:  Pathophysiology,  molecular  biology,  and  clinical 
management.  Baltimore,  MD:  Lippincott,  Williams,  and  Wilkins,  2000. 

22.  Richards  M,  Troughton  RW:  NT-proBNP  in  heart  failure:  therapy  decisions 
and  monitoring.  Eur  J  Heart  Fail.  2004,  3.-351-354. 


106 


23.  Silver  MA,  Maisel  A,  Yancy  CW,  et  al.:  BNP  Consensus  Panel  2004:  A 
clinical  approach  for  the  diagnostic,  prognostic,  screening,  treatment 
monitoring,  and  therapeutic  roles  of  natriuretic  peptides  in  cardiovascular 
diseases.  Congest  Heart  Fail.  2004,  70.1-30. 

24.  Cowie  MR:  B  type  natriuretic  peptide  testing:  where  are  we  now?  Heart. 
2004,  90.725-726. 

25.  Bhatia  V,  Nayyar  P,  Dhindsa  S:  Brain  natriuretic  peptide  in  diagnosis  and 
treatment  of  heart  failure.  J  Postgrad  Med.  2003,  401 82-1 85. 

26.  Maisel  AS,  Krishnaswamy  P,  Nowak  RM,  et  al.:  Rapid  measurement  of  B- 
type  natriuretic  peptide  in  the  emergency  diagnosis  of  heart  failure.  N  Engl 
JMed.  2002,  347161-167. 

27.  Karabulut  A,  Kaplan  A,  Aslan  C,  et  al.:  The  association  between  NT- 
proBNP  levels,  functional  capacity  and  stage  in  patients  with  heart  failure. 
Acta  Cardiol.  2005,  60;63 1-638. 

28.  Williams  SG,  Ng  LL,  O'Brien  RJ,  et  al.:  Complementary  roles  of  simple 
variables,  NYHA  and  N-BNP,  in  indicating  aerobic  capacity  and  severity  of 
heart  failure.  Int  J  Cardiol.  2005,  702/279-286. 

29.  Wang  TJ,  Larson  MG,  Levy  D,  et  al.:  Plasma  natriuretic  peptide  levels  and 
the  risk  of  cardiovascular  events  and  death.  N  EnglJ  Med.  2004,  350:655- 
663. 


107 


30.  Kruk  J,  Aboul-Enein  HY:  Psychological  stress  and  the  risk  of  breast 
cancer;  a  case-control  study.  Cancer  Detect  Prev.  2004,  2S.-399-408. 

31 .  Reiche  EM,  Nunes  SO,  Morimoto  HK:  Stress,  depression,  the  immune 
system,  and  cancer.  Lancet  Oncol.  2004,  S.-OI  7-625. 

32.  Padgett  DA,  Glaser  R:  How  stress  influences  the  immune  response. 
Trends  Immunol.  2003,  24.444-448. 

33.  Hefez  A,  Metz  L,  Lavie  P:  Long-term  effects  of  extreme  situational  stress 
on  sleep  and  dreaming.  Am  J  Psychiatry.  1987,  744 .-344-347. 

34.  VanReeth  O,  Weibel  L,  Spiegel  K,  et  al.:  Physiology  of  Sleep  (Review)- 
Interactions  between  stress  and  sleep:  from  basic  research  to  clinical 
situations.  Sleep  Medicine  Reviews.  2000,  4/201-219. 

35.  Herbert  J:  Fortnighly  review.  Stress,  the  brain,  and  mental  illness.  Bmj. 
1997,  375/530-535. 

36.  Parrott  AC:  Cigarette  smoking:  effects  upon  self-rated  stress  and  arousal 
over  the  day.  Addict  Behav.  1993,  73.889-395. 

37.  Task  Force  on  Behavioral  Research:  National  Heart,  Lung,  and  Blood 
Institute  Report  of  the  Task  Force  on  Behavioral  Research  In 
Cardiovascular,  Lung,  and  Blood  Health  and  Disease.  Bethesda:  U.S. 
Department  of  Health  and  Human  Services,  1998. 


108 


38.  Conway  TL,  Vickers  RR,  Jr.,  Ward  HW,  Rahe  RH:  Occupational  stress 
and  variation  in  cigarette,  coffee,  and  alcohol  consumption.  J  Health  Soc 
Behav.  1981 , 22.155-165. 

39.  Kiecolt-Glaser  JK,  Glaser  R:  Psychological  influences  on  immunity: 
making  sense  of  the  relationship  between  stressful  life  events  and  health. 
Adv  Exp  Med  Biol.  1 988,  245.237-247. 

40.  Stetson  BA,  Rahn  JM,  Dubbert  PM,  Wilner  Bl,  Mercury  MG:  Prospective 
evaluation  of  the  effects  of  stress  on  exercise  adherence  in  community¬ 
residing  women.  Health  Psychol.  1997,  75:515-520. 

41 .  Strike  PC,  Magid  K,  Brydon  L,  et  al.:  Exaggerated  platelet  and 
hemodynamic  reactivity  to  mental  stress  in  men  with  coronary  artery 
disease.  Psychosom  Med.  2004,  55.492-500. 

42.  Owen  N,  Poulton  T,  Hay  FC,  Mohamed-Ali  V,  Steptoe  A:  Socioeconomic 
status,  C-reactive  protein,  immune  factors,  and  responses  to  acute  mental 
stress.  Brain  Behav  Immun.  2003,  77.286-295. 

43.  Ghiadoni  L,  Donald  AE,  Cropley  M,  et  al.:  Mental  stress  induces  transient 
endothelial  dysfunction  in  humans.  Circulation.  2000,  752:2473-2478. 

44.  Kloner  RA:  Natural  and  unnatural  triggers  of  myocardial  infarction.  Prog 
Cardiovasc  Dis.  2006,  45:285-300. 


109 


45.  Krantz  DS,  Kop  WJ,  Santiago  HT,  Gottdiener  JS:  Mental  stress  as  a 
trigger  of  myocardial  ischemia  and  infarction.  Cardiol  Clin.  1996,  74;271- 
287. 

46.  Strike  PC,  Steptoe  A:  Behavioral  and  emotional  triggers  of  acute  coronary 
syndromes:  a  systematic  review  and  critique.  Psychosom  Med.  2005, 

67. 79-186. 

47.  Kessler  RC,  Price  RH,  Wortman  CB:  Social  factors  in  psychopathology: 
stress,  social  support,  and  coping  processes.  Annu  Rev  Psychol.  1985, 
36;53 1-572. 

48.  Rabkin  JG,  Struening  EL:  Live  events,  stress,  and  illness.  Science.  1976, 
794.1013-1020. 

49.  Schwarzer  R,  Schulz  U:  Stressful  life  events.  In  I.  B.  Weiner,  A.  M.  Nezu, 
C.  M.  Nezu  and  P.  A.  Geller  (eds).  Handbook  of  Psychology:  Health 
Psychology  (Vol.  9).  New  York:  Wiley,  2003,  27-49. 

50.  Karasek  RA,  Theorell  TG,  Schwartz  J,  Pieper  C,  Alfredsson  L:  Job, 
psychological  factors  and  coronary  heart  disease.  Swedish  prospective 
findings  and  US  prevalence  findings  using  a  new  occupational  inference 
method.  Adv  Cardiol.  1982,  29.’62-67. 

51 .  Orth-Gomer  K,  Wamala  SP,  Horsten  M,  et  al.:  Marital  stress  worsens 
prognosis  in  women  with  coronary  heart  disease:  The  Stockholm  Female 
Coronary  Risk  Study.  JAMA.  2000,  2S4 .-3008-30 14. 


no 


52.  Haan  M,  Kaplan  GA,  Camacho  T:  Poverty  and  health.  Prospective 
evidence  from  the  Alameda  County  Study.  Am  J  Epidemiol.  1 987, 
125.-989-998. 

53.  Kaplan  JR,  Manuck  SB:  Status,  stress,  and  atherosclerosis;  the  role  of 
environment  and  individual  behavior.  Ann  N  Y  Acad  Sci.  1999,  896:^  45- 
161. 

54.  Leor  J,  Kloner  RA:  The  Northridge  earthquake  as  a  trigger  for  acute 
myocardial  infarction.  Am  J  Cardiol.  1996,  77.1230-1232. 

55.  Leor  J,  Poole  WK,  Kloner  RA:  Sudden  cardiac  death  triggered  by  an 
earthquake.  N  Engl  J  Med.  1 996,  334.41 3-41 9. 

56.  Meisel  SR,  Kutz  I,  Dayan  Kl,  et  al.:  Effect  of  Iraqi  missile  war  on  incidence 
of  acute  myocardial  infarction  and  sudden  death  in  Israeli  civilians.  Lancet. 
1991, 33S.-660-661 . 

57.  Steinberg  JS,  Arshad  A,  Kowalski  M,  et  al.:  Increased  incidence  of  life- 
threatening  ventricular  arrhythmias  in  implantable  defibrillator  patients 
after  the  World  Trade  Center  attack.  J  Am  Coll  Cardiol.  2004,  441261- 
1264. 

58.  StrodI  E,  Kenardy  J,  Aroney  C:  Perceived  stress  as  a  predictor  of  the  self- 
reported  new  diagnosis  of  symptomatic  CHD  in  older  women.  IntJ  Behav 
Med.  2003,  10205-220. 


Ill 


59.  Treiber  FA,  Kamarck  T,  Schneiderman  N,  et  al.:  Cardiovascular  reactivity 
and  development  of  preclinical  and  clinical  disease  states.  Psychosom 
Med.  2003,  65;46-62. 

60.  Jennings  JR,  Kamarck  TW,  Everson-Rose  SA,  et  al.:  Exaggerated  blood 
pressure  responses  during  mental  stress  are  prospectively  related  to 
enhanced  carotid  atherosclerosis  in  middle-aged  Finnish  men.  Circulation. 
2004,  7  7 0;2 198-2203. 

61 .  Krantz  DS,  Santiago  FIT,  Kop  WJ,  et  al.:  Prognostic  value  of  mental  stress 
testing  in  coronary  artery  disease.  Am  J  Cardiol.  1 999,  84:^  292-1 297. 

62.  Profant  J,  Dimsdale  JE:  Psychosocial  factors  and  congestive  heart  failure. 
Int  J  Behav  Med.  2000,  7;236-255. 

63.  Ghali  JK,  Kadakia  S,  Cooper  R,  Ferlinz  J:  Precipitating  factors  leading  to 
decompensation  of  heart  failure.  Traits  among  urban  blacks.  Arch  Intern 
Med.  1988,  748.2013-2016. 

64.  Wilhelmsen  L:  Synergistic  effects  of  risk  factors.  Clin  Exp  Hypertens  A. 
1990,  72/845-863. 

65.  Kasprowicz  AL,  Manuck  SB,  Malkoff  SB,  Krantz  DS:  Individual  differences 
in  behaviorally  evoked  cardiovascular  response:  temporal  stability  and 
hemodynamic  patterning.  Psychophysiology.  1990,  27.605-619. 


112 


66.  Fredrikson  M,  Tuomisto  M,  Lundberg  U,  Melin  B:  Blood  pressure  in 
healthy  men  and  women  under  laboratory  and  naturalistic  conditions.  J 
Psychosom  Res.  1990,  34 ;675-686. 

67.  Jern  S,  Pilhall  M,  Jern  C,  Carlsson  SG:  Short-term  reproducibility  of  a 
mental  arithmetic  stress  test.  Clin  Sci  (Lend).  1991, 3 7. '593-601 . 

68.  van  Doornen  LJ,  van  Blokland  RW:  The  relationship  between 
cardiovascular  and  catecholamine  reactions  to  laboratory  and  real-life 
stress.  Psychophysiology.  1992,  29;173-181. 

69.  Turner  JR,  Girdler  SS,  Sherwood  A,  Light  KC:  Cardiovascular  responses 
to  behavioral  stressors:  laboratory-field  generalization  and  inter-task 
consistency.  J  Psychosom  Res.  1990,  34 .'581 -589. 

70.  Kamarck  TW,  Debski  TT,  Manuck  SB:  Enhancing  the  laboratory-to-life 
generalizability  of  cardiovascular  reactivity  using  multiple  occasions  of 
measurement.  Psychophysiology.  2000,  37.'533-542. 

71 .  Goldberg  AD,  Becker  LC,  Bonsall  R,  et  al.:  Ischemic,  hemodynamic,  and 
neurohormonal  responses  to  mental  and  exercise  stress.  Experience  from 
the  Psychophysiological  Investigations  of  Myocardial  Ischemia  Study 
(PIMI).  Circulation.  1996,  94 .'2402-2409. 

72.  Krai  BG,  Becker  LC,  Blumenthal  RS,  et  al.:  Exaggerated  reactivity  to 
mental  stress  is  associated  with  exercise-induced  myocardial  ischemia  in 
an  asymptomatic  high-risk  population.  Circulation.  1997,  93.'4246-4253. 


113 


73.  Manuck  SB,  Krantz  DS:  Psychophysiologic  reactivity  in  coronary  heart 
disease  and  essential  hypertension.  In  K.  A.  Matthews,  S.  M.  Weiss,  T. 
Detre,  et  al.  (eds).  Handbook  of  stress,  reactivity,  and  cardiovascuiar 
disease.  New  York:  Wiley-Interscience,  1986,  11-34. 

74.  Blumenthal  JA,  Jiang  W,  Waugh  RA,  et  al.:  Mental  stress-induced 
ischemia  in  the  laboratory  and  ambulatory  ischemia  during  daily  life. 
Association  and  hemodynamic  features.  Circuiation.  1995,  92;21 02-21 08. 

75.  Coresh  J,  Klag  MJ,  Mead  LA,  Liang  KY,  Whelton  PK:  Vascular  reactivity  in 
young  adults  and  cardiovascular  disease.  A  prospective  study. 
Hypertension.  1992,  79.11218-223. 

76.  Carroll  D,  Smith  GD,  Sheffield  D,  Shipley  MJ,  Marmot  MG:  Pressor 
reactions  to  psychological  stress  and  prediction  of  future  blood  pressure: 
data  from  the  Whitehall  II  Study.  Bmj.  1995,  3t0m\-lTo. 

77.  Carroll  D,  Davey  Smith  G,  Willemsen  G,  et  al.:  Blood  pressure  reactions  to 
the  cold  pressor  test  and  the  prediction  of  ischaemic  heart  disease:  data 
from  the  Caerphilly  Study.  J  Epidemioi  Community  Health.  1 998,  52:528- 
529. 

78.  Ahern  DK,  Gorkin  L,  Anderson  JL,  et  al.:  Biobehavioral  variables  and 
mortality  or  cardiac  arrest  in  the  Cardiac  Arrhythmia  Pilot  Study  (CAPS). 
Am  J  Cardiol.  1990,  66:59-62. 


114 


79.  Schneiderman  N,  McCabe  P:  Psychophysiologic  Strategies  in  Laboratory 
Research.  In  N.  Schneiderman,  S.  M.  Weiss  and  P.  G.  Kaufmann  (eds), 
Handbook  of  Research  Methods  in  Cardiovascular  Behavioral  Medicine. 
New  York:  Plenum  Press,  1989,  349-364. 

80.  Lacey  Jl:  Somatic  response  patterning  and  stress:  some  revisions  of 
activation  theory.  In  M.  H.  Appley  and  R.  Trumbull  (eds).  Psychological 
Stress.  New  York:  Merideth  Publishing  Company,  1967,  14-42. 

81 .  Lacey  Jl:  The  evaluation  of  autonomic  response:  toward  a  general 
solution.  Ann  N  Y  Acad  Sol.  1 965,  67;1 1 23-1 1 64. 

82.  Lacey  Jl:  Psychophysiological  approaches  to  the  evaluation  of 
psychotherapeutic  process  and  outcome.  In  E.  A.  Rubinstein  and  M.  B. 
Parloff  (eds).  Research  in  Psychotherapy.  Washington,  D.C.:  American 
Psychological  Assocation,  1959,  160-208. 

83.  Obrist  PA:  Cardiovascular  psychophysiology.  New  York:  Plenum  Press, 
1981. 

84.  Obrist  PA,  Gaebelein  CJ,  Teller  ES,  et  al.:  The  relationship  among  heart 
rate,  caratid  dP/dt,  and  blood  pressure  in  humans  as  a  function  of  the  type 
of  stress.  Psychophysiology.  1978,  75.102-115. 

85.  Light  KC:  Cardiovascular  responses  to  effortful  active  coping:  Implications 
for  the  role  of  stress  in  hypertension  development.  Psychophysiology. 
1981,  7S;21 6-225. 


115 


86.  Brod  J,  Fend  V,  Hejl  Z,  Jirka  G:  Circulatory  changes  underlying  blood 
pressure  elevation  during  acute  emotional  stress  (mental  arithmetic)  in 
normotensive  and  hypertensive  subjects.  Clinical  Science.  1959,  23.'339- 
349. 

87.  Dimsdale  JE,  Moss  J:  Plasma  catecholamines  in  stress  and  exercise. 
JAMA.  1980,  243.-340-342. 

88.  Manuck  SB,  Proietti  JM:  Parental  hypertension  and  cardiovascular 
response  to  cognitive  and  isometric  challenge.  Psychophysiology.  1982, 
79.481-489. 

89.  Lake  BW,  Suarez  EC,  Schneiderman  N,  Toed  N:  The  type  A  behavior 
pattern,  physical  fitness,  and  psychophysiological  readivity.  Health 
Psychol.  1985,  4.169-187. 

90.  Ueyama  T:  Emotional  stress-induced  Tako-tsubo  cardiomyopathy:  animal 
model  and  molecular  mechanism.  Ann  N  Y  Acad  Sci.  2004,  1018:437-444. 

91 .  Wiedemann  K,  Jahn  H,  Kellner  M:  Effeds  of  natriuretic  peptides  upon 
hypothalamo-pituitary-adrenocortical  system  adivity  and  anxiety 
behaviour.  Exp  Clin  Endocrinol  Diabetes.  2000,  108:5-13. 

92.  Steele  1C,  McDowell  G,  Moore  A,  et  al.:  Responses  of  atrial  natriuretic 
peptide  and  brain  natriuretic  peptide  to  exercise  in  patients  with  chronic 
heart  failure  and  normal  control  subjects.  EurJ  Clin  Invest.  1997,  27270- 
276. 


116 


93.  Nicholson  S,  Richards  M,  Espiner  E,  Nicholls  G,  Yandle  T:  Atrial  and  brain 
natriuretic  peptide  response  to  exercise  in  patients  with  ischaemic  heart 
disease.  Clin  Exp  Pharmacol  Physiol.  1993,  20;535-540. 

94.  Kjaer  A,  Appel  J,  Hildebrandt  P,  Petersen  CL:  Basal  and  exercise-induced 
neuroendocrine  activation  in  patients  with  heart  failure  and  in  normal 
subjects.  Eur  J  Heart  Fail.  2004,  6;29-39. 

95.  Barletta  G,  Stefani  L,  Del  Bene  R,  et  al.:  Effects  of  exercise  on  natriuretic 
peptides  and  cardiac  function  in  man.  IntJ  Cardiol.  1998,  55;21 7-225. 

96.  Ohba  H,  Takada  H,  Musha  H,  et  al.:  Effects  of  prolonged  strenuous 
exercise  on  plasma  levels  of  atrial  natriuretic  peptide  and  brain  natriuretic 
peptide  in  healthy  men.  Am  Heart  J.  2001 ,  747.751-758. 

97.  Huang  WS,  Lee  MS,  Perng  HW,  et  al.:  Circulating  brain  natriuretic  peptide 
values  in  healthy  men  before  and  after  exercise.  Metabolism.  2002, 

57;1 423-1 426. 

98.  Bruce  RA,  Kusumi  F,  Hosmer  D:  Maximal  oxygen  intake  and  nomographic 
assessment  of  functional  aerobic  impairment  in  cardiovascular  disease. 
Am  Heart  J.  1973,  S5;546-562. 

99.  Wilson  PW,  D'Agostino  RB,  Levy  D,  et  al.:  Prediction  of  coronary  heart 
disease  using  risk  factor  categories.  Circulation.  1998,  97.1837-1847. 


117 


100.  Dagenais  GR,  Yi  Q,  Mann  JF,  et  al.:  Prognostic  impact  of  body  weight  and 
abdominal  obesity  in  women  and  men  with  cardiovascular  disease.  Am 
Heart  J.  2005,  149:54-60. 

101 .  Stunkard  AJ,  Wadden  TA:  Obesity:  Theory  and  Therapy.  New  York: 

Raven  Press,  1993. 

102.  Pi-Sunyer  FX,  Becker  DM,  Bouchard  C,  et  al.:  Clinical  Guidelines  on  the 
Identification,  Evaluation,  and  Treatment  of  Overweight  and  Obesity  in 
Adults.  Rockville:  National  Fleart,  Lung,  and  Blood  Institute,  1998. 

1 03.  Akram  DS,  Astrup  AV,  Antinmo  T,  et  al.:  Obesity:  preventing  and 
managing  the  global  epidemic.  Report  of  the  World  Health  Organization 
Consultation  on  Obesity.  Geneva:  World  Health  Organization,  2004. 

104.  McGinnis  JM,  Foege  WH:  Actual  causes  of  death  in  the  United  States. 
JAMA.  1993,  270.2207-2212. 

105.  Lean  ME:  Obesity:  burdens  of  illness  and  strategies  for  prevention  or 
management.  Drugs  Today  (Bare).  2000,  35.773-784. 

106.  Jern  S,  Bergbrant  A,  Bjorntorp  P,  Hansson  L:  Relation  of  central 
hemodynamics  to  obesity  and  body  fat  distribution.  Hypertension.  1992, 
19:520-527. 

107.  Peiris  AN,  Sothmann  MS,  Hoffmann  RG,  et  al.:  Adiposity,  fat  distribution, 
and  cardiovascular  risk.  Ann  Intern  Med.  1989,  1 10:867-872. 


118 


108.  National  Heart  Lung  and  Blood  Institute:  Clinical  Guidelines  on  the 
Identification,  Evaluation,  and  Treatment  of  Overweight  and  Obesity  in 
Adults:  The  Evidence  Report.  Obes  Res.  1998,  6.S51-210. 

109.  AIbu  JB,  Murphy  L,  Frager  DH,  Johnson  JA,  Pi-Sunyer  FX:  Visceral  fat 
and  race-dependent  health  risks  in  obese  nondiabetic  premenopausal 
women.  Diabetes.  1997,  46;456-462. 

1 1 0.  Bjorntorp  P:  The  origins  and  consequences  of  obesity.  Diabetes.  Ciba 
Found  Symp.  1996,  201.-68-80-,  discussion  80-69,  188-193. 

111.  Matsuzawa  Y,  Shimomura  I,  Nakamura  T,  Keno  Y,  Tokunaga  K: 
Pathophysiology  and  pathogenesis  of  visceral  fat  obesity.  Ann  N  Y  Acad 
Sci.  1 995,  74S.-399-406. 

1 1 2.  Nakamura  T,  Tokunaga  K,  Shimomura  I,  et  al.:  Contribution  of  visceral  fat 
accumulation  to  the  development  of  coronary  artery  disease  in  non-obese 
men.  Atherosclerosis.  1994,  707;239-246. 

113.  Sung  BH,  Wilson  MF,  Izzo  JL,  Jr.,  Ramirez  L,  Dandona  P:  Moderately 
obese,  insulin-resistant  women  exhibit  abnormal  vascular  reactivity  to 
stress.  Hypertension.  1997,  30/848-853. 

114.  National  Center  for  Health  Statistics:  Plan  and  operation  of  the  National 
Health  and  Nutrition  Examination  Survey,  1976-1980.  In  U.S.  Public 
Health  Services  (ed)  (Vol.  PHS  81-1317).  Washington,  DC,  1981. 


119 


1 1 5.  Kuniyoshi  FH,  Trombetta  IC,  Batalha  LT,  et  al.:  Abnormal  neurovascular 
control  during  sympathoexcitation  in  obesity.  Obes  Res.  2003,  1 7.1 411- 
1419. 

1 1 6.  Agapitov  AV,  Correia  ML,  Sinkey  CA,  Dopp  JM,  Haynes  WG:  Impaired 
skeletal  muscle  and  skin  microcirculatory  function  in  human  obesity.  J 
Hypertens.  2002,  201401-1405. 

1 1 7.  Beiser  GD,  Zelis  R,  Epstein  SE,  Mason  DT,  Braunwald  E:  The  role  of  skin 
and  muscle  resistance  vessels  in  reflexes  mediated  by  the  baroreceptor 
system.  J  Clin  Invest.  1 970,  49;225-231 . 

1 1 8.  Perticone  F,  Ceravolo  R,  Candigliota  M,  et  al.:  Obesity  and  body  fat 
distribution  induce  endothelial  dysfunction  by  oxidative  stress:  protective 
effect  of  vitamin  C.  Diabetes.  2001 , 501 59-1 65. 

1 1 9.  Dessi-Fulgheri  P,  Sarzani  R,  Tamburrini  P,  et  al.:  Plasma  atrial  natriuretic 
peptide  and  natriuretic  peptide  receptor  gene  expression  in  adipose  tissue 
of  normotensive  and  hypertensive  obese  patients.  J  Hypertens.  1 997, 

751 695-1699. 

120.  Sarzani  R,  Dessi-Fulgheri  P,  Paci  VM,  Espinosa  E,  Rappelli  A:  Expression 
of  natriuretic  peptide  receptors  in  human  adipose  and  other  tissues.  J 
Endocrinol  Invest.  1996,  70.581-585. 

121 .  Morabito  D,  Vallotton  MB,  Lang  U:  Obesity  is  associated  with  impaired 
ventricular  protein  kinase  C-MAP  kinase  signaling  and  altered  ANP  mRNA 


120 


expression  in  the  heart  of  adult  Zucker  rats.  J  Investig  Med.  2001 , 49 0- 
318. 

122.  Licata  G,  Voipe  M,  Scaglione  R,  Rubattu  S:  Salt-regulating  hormones  in 
young  normotensive  obese  subjects.  Effects  of  saline  load.  Hypertension. 
1994,  23.120-24. 

123.  Sengenes  C,  Berlan  M,  De  Glisezinski  I,  Lafontan  M,  Galitzky  J: 

Natriuretic  peptides:  a  new  lipolytic  pathway  in  human  adipocytes.  Faseb 
J.  2000,  74.1345-1351. 

124.  Gregg  ME,  Matyas  TA,  James  JE:  Association  between  hemodynamic 
profile  during  laboratory  stress  and  ambulatory  pulse  pressure.  J  Behav 
Med.  2005,  23/573-579. 

125.  Kyle  SB,  Smoak  BL,  Douglass  LW,  Deuster  PA:  Variability  of  responses 
across  training  levels  to  maximal  treadmill  exercise.  J  AppI  Physiol.  1989, 
371 60-165. 

1 26.  Kiraly  A:  History  of  Spirometry.  Journal  for  Pre-Health  Affiliated  Students. 
2005,  4.0nline. 

127.  Abate  N,  Garg  A,  Peshock  RM,  et  al.:  Relationship  of  generalized  and 
regional  adiposity  to  insulin  sensitivity  in  men  with  NIDDM.  Diabetes. 

1996,  451684-1693. 


121 


128.  van  der  Kooy  K,  Seidell  JC:  Techniques  for  the  measurement  of  visceral 
fat:  a  practical  guide.  Int  J  Obes  Relat  Metab  Disord.  1 993,  77.1 87-1 96. 

129.  Chumlea  WC,  Guo  SS,  Kuczmarski  RJ,  et  al.;  Body  composition  estimates 
from  NHANES  III  bioelectrical  impedance  data.  Int  J  Obes  Relat  Metab 
Disord.  2002,  261596-1609. 

130.  Kamarck  TW,  Jennings  JR,  Debski  TT,  et  al.:  Reliable  measures  of 
behaviorally-evoked  cardiovascular  reactivity  from  a  PC-based  test 
battery:  results  from  student  and  community  samples.  Psychophysiology. 

1 992,  291 7-28. 

1 31 .  Manuck  SB,  Kasprowicz  AL,  Monroe  SM,  Larkin  KT,  Kaplan  JR: 
Psychophysiological  reactivity  as  a  dimension  of  individual  differences.  In 
N.  Schneiderman,  S.  Weiss  and  P.  G.  Kaufman  (eds).  Handbook  of 
Methods  and  Measurements  in  Cardiovascular  Behavioral  Medicine.  New 
York:  Plenum  Press,  1989,  365-382. 

1 32.  Albert  NM:  Bioimpedance  cardiography  measurements  of  cardiac  output 
and  other  cardiovascular  parameters.  Crit  Care  Nurs  Clin  North  Am.  2006, 
78195-202,  X. 

1 33.  Parry  MJ,  McFetridge-Durdle  J:  Ambulatory  impedance  cardiography:  a 
systematic  review.  Nurs  Res.  2006,  55;283-291 . 

134.  Hett  DA,  Jonas  MM:  Non-invasive  cardiac  output  monitoring.  Intensive  Crit 
Care  Nurs.  2004,  26103-108. 


122 


135.  Kubicek  WG,  Karnegis  JN,  Patterson  RP,  Witsoe  DA,  Mattson  RH: 
Development  and  evaluation  of  an  impedance  cardiac  output  system. 
AerospMed.  1966,  37.1208-1212. 

136.  Sramek  BB,  Rose  DM,  Miyamoto  A:  Stroke  volume  equation  with  a  linear 
base  impedance  model  and  its  accuracy  as  compared  to  thermodilution 
and  magnetic  flow  techniques  in  humans  and  animals.  Proceedings  of  the 
Sixth  International  Conference  on  Electrical  Bioimpedance.  Zadar, 
Yugoslavia:  1983. 

137.  Connors  AF,  Jr.,  Speroff  T,  Dawson  NV,  et  al.:  The  effectiveness  of  right 
heart  catheterization  in  the  initial  care  of  critically  ill  patients.  SUPPORT 
Investigators.  JAMA.  1 996,  273.S89-897. 

1 38.  Buchner  A,  Erdfelder  E,  Paul  F:  How  to  Use  G* Power  [WWW  document]. 
Retrieved  October  2007,  from  http://www.psvcho.uni- 
duesseldorf.de/aap/proiects/qpower/how  to  use  qpower.html 

139.  Shibata  M,  Moritani  T,  Miyawaki  T,  Flayashi  T,  Nakao  K:  Exercise 
prescription  based  upon  cardiac  vagal  activity  for  middle-aged  obese 
women.  Int  J  Obes  Relat  Metab  Disord.  2002,  26h  356-1362. 

140.  McCord  J,  Mundy  BJ,  Hudson  MP,  et  al.:  Relationship  between  obesity 
and  B-type  natriuretic  peptide  levels.  Arch  Intern  Med.  2004,  1642247- 
2252. 


123 


141 .  Mehra  MR,  Uber  PA,  Park  MH,  et  al.:  Obesity  and  suppressed  B-type 
natriuretic  peptide  levels  in  heart  failure.  J  Am  Coll  Cardiol.  2004,  43.1590- 
1595. 

142.  Wang  TJ,  Larson  MG,  Levy  D,  et  al.:  Impact  of  age  and  sex  on  plasma 
natriuretic  peptide  levels  in  healthy  adults.  Am  J  Cardiol.  2002,  90.254- 
258. 

143.  Redfield  MM,  Rodeheffer  RJ,  Jacobsen  SJ,  et  al.:  Plasma  brain  natriuretic 
peptide  concentration:  impact  of  age  and  gender.  J  Am  Coll  Cardiol.  2002, 
40.-976-982. 

144.  Loke  I,  Squire  IB,  Davies  JE,  Ng  LL:  Reference  ranges  for  natriuretic 
peptides  for  diagnostic  use  are  dependent  on  age,  gender  and  heart  rate. 
EurJ  Heart  Fall.  2003,  5;599-606. 

145.  van  der  Meer  BJ,  de  Vries  JP,  Schreuder  WO,  et  al.:  Impedance 
cardiography  in  cardiac  surgery  patients:  abnormal  body  weight  gives 
unreliable  cardiac  output  measurements.  Acta  Anaestheslol  Scand.  1 997, 
4/. -708-71 2. 

146.  Sageman  WS,  Amundson  DE:  Thoracic  electrical  bioimpedance 
measurement  of  cardiac  output  in  postaortocoronary  bypass  patients.  Crit 
Care  Med.  1 993,  21.4 1 39-1 1 42. 

147.  Woltjer  HH,  Bogaard  HJ,  van  der  Spoel  HI,  de  Vries  PM:  The  influence  of 
weight  on  stroke  volume  determination  by  means  of  impedance 


124 


cardiography  in  cardiac  surgery  patients.  Intensive  Care  Med.  1996, 
22.766-771 . 

148.  Brown  CV,  Martin  MJ,  Shoemaker  WC,  et  al.;  The  effect  of  obesity  on 
bioimpedance  cardiac  index.  Am  J  Surg.  2005,  7S9;547-550;  discussion 
550-541 . 

149.  Klabunde  RE:  Cardiovascular  Physiology  Concepts. 

150.  Reims  HM,  Sevre  K,  Possum  E,  et  al.:  Plasma  catecholamines,  blood 
pressure  responses  and  perceived  stress  during  mental  arithmetic  stress 
in  young  men.  Blood  Press.  2004,  73/287-294. 

1 51 .  Dimsdale  JE,  Moss  J:  Short-term  catecholamine  response  to 
psychological  stress.  Psychosom  Med.  1980,  42.493-497. 

152.  Sloan  RP,  Shapiro  PA,  Bagiella  E,  et  al.:  Relationships  between 
circulating  catecholamines  and  low  frequency  heart  period  variability  as 
indices  of  cardiac  sympathetic  activity  during  mental  stress.  Psychosom 
Med.  1996,  53/25-31. 

153.  Stratton  JR,  Pfeifer  MA,  Ritchie  JL,  Halter  JB:  Hemodynamic  effects  of 
epinephrine:  concentration-effect  study  in  humans.  J  AppI  Physiol.  1985, 
53/1199-1206. 


125 


154.  Yoshiuchi  K,  Nomura  S,  Ando  K,  et  al.:  Hemodynamic  and  endocrine 
responsiveness  to  mental  arithmetic  task  and  mirror  drawing  test  in 
patients  with  essential  hypertension.  Am  J  Hypertens.  1997,  70;243-249. 

155.  Klabunde  RE:  Cardiovascular  Physiology  Concepts. 

156.  Klabunde  RE:  Cardiovascular  Physiology  Concepts. 

157.  Vinch  CS,  Hill  JC,  Logsetty  G,  et  al.:  Paradoxical  changes  in  brain 
natriuretic  peptide  levels  and  loading  conditions  after  intravenous 
conscious  sedation.  J  Am  Soc  Echocardiogr.  2004,  77.1 191-11 96. 

158.  Hanford  DS,  Thuerauf  DJ,  Murray  SF,  Glembotski  CC:  Brain  natriuretic 
peptide  is  induced  by  alpha  1 -adrenergic  agonists  as  a  primary  response 
gene  in  cultured  rat  cardiac  myocytes.  J  Biol  Chem.  1994,  269.26227- 
26233. 

159.  Hong  M,  Yan  Q,  Tao  B,  et  al.:  Estradiol,  progesterone  and  testosterone 
exposures  affect  the  atrial  natriuretic  peptide  gene  expression  in  vivo  in 
rats.  Biol  Chem  Hoppe  Seyler.  1 992,  373;21 3-21 8. 

160.  Danser  AH,  Derkx  FH,  Schalekamp  MA,  et  al.:  Determinants  of 
interindividual  variation  of  renin  and  prorenin  concentrations:  evidence  for 
a  sexual  dimorphism  of  (pro)renin  levels  in  humans.  J  Hypertens.  1998, 
76;853-862. 


126 


161 .  Carroll  D,  Phillips  AC,  Der  G:  Body  mass  index,  abdominal  adiposity, 
obesity,  and  cardiovascular  reactions  to  psychological  stress  in  a  large 
community  sample.  Psychosom  Med.  2008,  ZO.-SSS-SSO. 

162.  Hirani  V,  Zaninotto  P,  Primatesta  P:  Generalised  and  abdominal  obesity 
and  risk  of  diabetes,  hypertension  and  hypertension-diabetes  co-morbidity 
in  England.  Public  Health  Nutr.  2008,  1  /. '521 -527. 

163.  Davis  MC,  Twamley  EW,  Hamilton  NA,  Swan  PD:  Body  fat  distribution  and 
hemodynamic  stress  responses  in  premenopausal  obese  women:  a 
preliminary  study.  Health  Psychol.  1999,  7S.'625-633. 

1 64.  Chasten  TB,  Dixon  JB:  Factors  associated  with  percent  change  in  visceral 
versus  subcutaneous  abdominal  fat  during  weight  loss:  findings  from  a 
systematic  review.  IntJ  Obes  (Land).  2008,  32.-61 9-628. 

1 65.  Matsuzawa  Y:  The  metabolic  syndrome  and  adipocytokines.  FEBS  Lett. 
2006,  5S0;29 17-2921. 

1 66.  Despres  JP:  Cardiovascular  disease  under  the  influence  of  excess 
visceral  fat.  Crit  Pathw  Cardiol.  2007,  6;51-59. 

167.  Janssen  I,  Ross  R:  Effects  of  sex  on  the  change  in  visceral,  subcutaneous 
adipose  tissue  and  skeletal  muscle  in  response  to  weight  loss.  IntJ  Obes 
Relat  Metab  Disord.  1 999,  23.1 035-1 046. 


127 


168.  Geer  EB,  Shen  W:  Gender  differences  in  insulin  resistance,  body 
composition,  and  energy  balance.  Gend  Med.  2009,  6  SuppI  7.-60-75. 

169.  Kvist  H,  Chowdhury  B,  Grangard  U,  Tylen  U,  Sjostrom  L:  Total  and 
visceral  adipose-tissue  volumes  derived  from  measurements  with 
computed  tomography  in  adult  men  and  women:  predictive  equations.  Am 
J  Clin  Nutr.  1 988,  48:^  351-1 361 . 

170.  Garaulet  M,  Perex-Llamas  F,  Fuente  T,  Zamora  S,  Tebar  FJ: 
Anthropometric,  computed  tomography  and  fat  cell  data  in  an  obese 
population:  relationship  with  insulin,  leptin,  tumor  necrosis  factor-alpha, 
sex  hormone-binding  globulin  and  sex  hormones.  Eur  J  Endocrinol.  2000, 
743/657-666. 

171.  Anderson  NB,  Lane  JD,  Muranaka  M,  Williams  RB,  Jr.,  Houseworth  SJ: 
Racial  differences  in  blood  pressure  and  forearm  vascular  responses  to 
the  cold  face  stimulus.  Psychosom  Med.  1988,  50/57-63. 

172.  Anderson  NB,  Lane  JD,  Monou  H,  Williams  RB,  Jr.,  Houseworth  SJ: 

Racial  differences  in  cardiovascular  reactivity  to  mental  arithmetic.  IntJ 
Psychophysiol.  1988,  5/161-164. 

173.  Arthur  CM,  Katkin  ES,  Mezzacappa  ES:  Cardiovascular  reactivity  to 
mental  arithmetic  and  cold  pressorin  African  Americans,  Caribbean 
Americans,  and  white  Americans.  Ann  Behav  Med.  2004,  27.'31-37. 


128 


174.  Czajkowski  SM,  Hindelang  RD,  Dembroski  TM,  et  al.:  Aerobic  fitness, 
psychological  characteristics,  and  cardiovascular  reactivity  to  stress. 
Health  Psychol.  1990,  9.-676-692. 

175.  Crews  DJ,  Landers  DM:  A  meta-analytic  review  of  aerobic  fitness  and 
reactivity  to  psychosocial  stressors.  Med  Sci  Sports  Exerc.  1 987,  19:S^  1 4- 
120. 

176.  Mukoyama  M,  Nakao  K,  Hosoda  K,  et  al.:  Brain  natriuretic  peptide  as  a 
novel  cardiac  hormone  in  humans.  Evidence  for  an  exquisite  dual 
natriuretic  peptide  system,  atrial  natriuretic  peptide  and  brain  natriuretic 
peptide.  J  Clin  Invest.  1991,  S7.1 402-141 2. 

177.  Clerico  A,  lervasi  G,  Mariani  G:  Pathophysiologic  relevance  of  measuring 
the  plasma  levels  of  cardiac  natriuretic  peptide  hormones  in  humans. 

Horm  Metab  Res.  1999,  37.487-498. 

178.  Allen  MT,  Patterson  SM:  Hemoconcentration  and  stress:  a  review  of 
physiological  mechanisms  and  relevance  for  cardiovascular  disease  risk. 
Biol  Psychol.  1995,  47.1-27. 

179.  Jern  C,  Wadenvik  H,  Mark  H,  Hallgren  J,  Jern  S:  Haematological  changes 
during  acute  mental  stress.  Br  J  Haematol.  1989,  77153-156. 

1 80.  Patterson  SM,  Gottdiener  JS,  Hecht  G,  Vargot  S,  Krantz  DS:  Effects  of 
acute  mental  stress  on  serum  lipids:  mediating  effects  of  plasma  volume. 
Psychosom  Med.  1 993,  55:525-532. 


129 


181 .  Finnerty  FA,  Jr.,  Buchholz  JFI,  Guillaudeu  RL:  The  blood  volumes  and 
plasma  protein  during  levarterenol-induced  hypertension.  J  Clin  Invest. 

1 958,  37;425-429. 

1 82.  Groban  L,  Cowley  AW,  Jr.,  Ebert  TJ:  Atrial  natriuretic  peptide  augments 
forearm  capillary  filtration  in  humans.  Am  J  Physiol.  1990,  259;H258-263. 

183.  Ilebekk  A,  Christensen  G,  Leistad  E,  Rutlen  DL:  Atrial  natriuretic  factor 
increases  peritoneal  fluid  formation  in  the  pig.  Acta  Physiol  Scand.  1993, 
749.121-122. 

184.  Thomas  CJ,  Woods  RL:  Flaemodynamic  action  of  B-type  natriuretic 
peptide  substantially  outlasts  its  plasma  half-life  in  conscious  dogs.  Clin 
Exp  Pharmacol  Physiol.  2003,  30.’369-375. 

185.  Reeder  BA,  Angel  A,  Ledoux  M,  et  al.:  Obesity  and  its  relation  to 
cardiovascular  disease  risk  factors  in  Canadian  adults.  Canadian  Fleart 
Flealth  Surveys  Research  Group.  CMAJ.  1992,  743;2009-2019. 

186.  Lapidus  L,  Bengtsson  C,  Flallstrom  T,  Bjorntorp  P:  Obesity,  adipose  tissue 
distribution  and  health  in  women-results  from  a  population  study  in 
Gothenburg,  Sweden.  Appetite.  1989,  13.25-35. 

187.  Yusuf  S,  Flawken  S,  Ounpuu  S,  et  al.:  Effect  of  potentially  modifiable  risk 
factors  associated  with  myocardial  infarction  in  52  countries  (the 
INTERFIEART  study):  case-control  study.  Lancet.  2004,  364S37-952. 


130 


188.  Dowling  HJ,  Pi-Sunyer  FX:  Race-dependent  health  risks  of  upper  body 
obesity.  Diabetes.  1993,  42.537-543. 

189.  Conway  JM,  Yanovski  SZ,  Avila  NA,  Hubbard  VS:  Visceral  adipose  tissue 
differences  in  black  and  white  women.  Am  J  Clin  Nutr.  1995,  57.765-771 . 

190.  Fujimoto  WY,  Newell-Morris  LL,  Grote  M,  Bergstrom  RW,  Shuman  WP: 
Visceral  fat  obesity  and  morbidity:  NIDDM  and  atherogenic  risk  in 
Japanese  American  men  and  women.  IntJ  Obes.  1991 ,  15  SuppI  2:41-44. 

191 .  Potts  J,  Simmons  D:  Sex  and  ethnic  group  differences  in  fat  distribution  in 
young  United  Kingdom  South  Asians  and  Europids.  J  Clin  Epidemiol. 

1994,  47/837-841. 

192.  Folsom  AR,  Kaye  SA,  Sellers  TA,  et  al.:  Body  fat  distribution  and  5-year 
risk  of  death  in  older  women.  JAMA.  1993,  259.483-487. 

193.  Baumgartner  RN,  Heymsfield  SB,  Roche  AF:  Human  body  composition 
and  the  epidemiology  of  chronic  disease.  Obes  Res.  1995,  3.73-95. 

194.  Stevens  J,  Cai  J,  Pamuk  ER,  et  al.:  The  effect  of  age  on  the  association 
between  body-mass  index  and  mortality.  N  Engl  J  Med.  1 998,  335/1  -7. 

195.  Foote  RS,  Pearlman  JD,  Siegel  AH,  Yeo  KT:  Detection  of  exercise- 
induced  ischemia  by  changes  in  B-type  natriuretic  peptides.  J  Am  Coll 
Cardiol.  2004,  44.1980-1987. 


131 


